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AUS DEM SERO-BAKTERIOLOGISCHEN INSTITUT DER UNIVERSITAT TURKU 
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VERGLEICHE ZWISCHEN DEM LOFFLERSCHEN UND DEM 
VON HERRMANN MODIFIZIERTEN CLAUBERG III-NAHR- 
BODEN IN DER BAKTERIOLOGISCHEN DIAGNOSTIK 
DER DIPHTHERIE 


Von 
KEIJO JANTTI 


(Eingegangen bei der Redaktion am 19. April 1949) 


Der in Léfflers Diphtheriebazillendiagnostik angewandte Serum- 
nahrboden hat allmahlich neuen kaliumtellurithaltigen Nahrbéden 
weichen miissen. Die von diesen erhaltenen Ergebnisse sind besser 
gewesen als die des Lofflerschen Verfahrens, das jedoch weiter 
noch als schnelles Hilfs- und Kontrollmittel angewandt wird. 

Von den kaliumtellurithaltigen diirften in der Praxis die all- 
gemeinsten Claubergs sog. II und III und Mc Leods Nahrbéden 
sowie die von HERRMANN entwickelte Modifikation des Clauberg 
III-Nahrbodens sein. RANTASALO (5) hat in den letzten Jahren 
ein Verfahren entwickelt, bei dem neben dem Kaliumtellurit 
Natriumfluorid angewandt wird. 

Bei dem Clauberg III-Nahrboden (1) ebenso wie bei der von 
HERRMANN an ihm gemachten Modifikation ist der wesentlichste 
Teil das sog. Indikatorsystem, Glukose und Wasserblau-Farbstoff, 
welches das Ablesen der Ergebnisse mit, blossem Auge erleichtert, 
indem die Diphtheriebazillenkolonie sich unter seiner Einwirkung 
hellblau farbt. Der Clauberg III-Nahrboden war jedoch nicht so gut, 
wie man gemeint hatte, denn es wurde bemerkt, dass man mit ihm 
in 8—10% der Falle negative Ergebnisse bekam in Fallen, wo man 
mit dem Léfflerschen Verfahren positive erhielt (3). 


> 


11 — Ann. Med. Exper. Fenn. Vol. 27. Fase. 3. 
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Bei der Ermittlung der Ursachen hierfiir entwickelte HERRMANN 
seine Modifikation, die sich vom Clauberg III-Nahrboden im 
wesentlichsten dadurch unterscheidet, dass die Kaliumtelluritmenge 
um 100%, die Serummenge um 10% vermehrt und das dem 
Wachstum des Diphtheriebazillus schadliche Metachromgelb weg- 
gelassen ist. 

In seiner Untersuchungsreihe, die tiber 100,000 Proben enthilt, 
erhielt HERRMANN, indem er sein eigenes und das Léfflersche Ver- 
fahren nebeneinander anwandte und die positiven Ergebnisse durch 
Blutagarplattenkulturen und Typenbestimmungen kontrollierte, 
2,340 St. positive Ergebnisse. Die mit den verschiedenen Verfahren 
erzielten Ergebnisse verteilten sich wie folgt: 


Loffler +, Herrmann-Clauberg + ...... 1,948 St. 83.2% 
Loffler —, Herrmann-Clauberg + ...... 366 » 15.7% 
Loffler +, Herrmann-Clauberg — ...... am» «19% 


Bei blosser Anwendung des Lofflerschen Verfahrens waren somit 
15.7% weniger positive Ergebnisse erzielt worden. 

OucHTERLONY (4) hat bei Anwendung derselben Verfahren 
wie HERRMANN von 2,694 Proben 184 positive gewonnen wie folgt: 


Loffler + (oder +?), Herrmann-Clauberg + 53 St. 20% 
Loffler —, Herrmann-Clauberg + ........ 127 » 69% 
Loffler +, Herrmann-Clauberg — ......... 4» 2% 


Bei blosser Anwendung des Lé6fflerschen Verfahrens waren 
69° weniger positive Ergebnisse erzielt worden. 

In unserem Institut in Turku ist der von HERRMANN modi- 
fizierte Clauberg III-Nahrboden seit Friihjahr 1945 neben dem 
Léfflerschen Verfahren angewandt worden. Die Schwierigkeit, be- 
stimmte Chemikalien zu bekommen, hat die Anwendung des erste- 
ren einigermassen beschrankt. Die Ergebnisse beider Kulturen sind 


nach Verlauf von 20 und 44 Stunden abgelesen worden. Von den 


Herrmann-Clauberg-Nahrbéden, die ein positives Resultat ergeben 
haben, ist eine nachfolgende Untersuchung auf Agarplatten mit 5% 
Schafsblut gemacht worden, davon auch ein Mikroskoppraparat 
und eine Diphtheriebazillentypenbestimmung mit Kohlenhydrat- 
reihen. Bei den Proben, bei denen mit dem Herrmann-Clauberg- 
Nahrboden ein negatives, aber mit dem L6fflerschen Verfahren 
ein positives Ergebnis erzielt wurde, ist von den positiven Ergeb- 











: 


: 
B 
4 


cn 











VERGLEICHE ZWISCHEN ZWEI NAHRBODEN 157 


nissen des L6fflerschen Verfahrens, wenn es méglich gewesen ist, 
eine weitere Kultur auf einer neuen Herrmann-Clauberg Platte 
gemacht worden; sofern jetzt ein positives Ergebnis erzielt wurde, 
ist von den letzteren eine weitere Untersuchung auf einer Schafs- 
blutplatte und davon eine Typenbestimmung gemacht worden. — 
Auf diese Weise sind von 13,713 untersuchten Proben, von denen 
einen bedeutenden Teil die im Turkuer Epidemiekrankenhaus von 
alten Fallen genommenen bildeten, 1,885 positive Ergebnisse gewon- 
nen worden. Die endgiiltige Antwort ist also auf Grund der Blut- 
plattenuntersuchung und der Typenbestimmung gegeben worden. 
Auf die verschiedenen Verfahren haben sich die Ergebnisse wie 
folgt verteilt: 


Loffler +, Herrmann-Clauberg + ........ 1,116 St. 59.2% 
Loffler —, Herrmann-Clauberg + ........ 677 » 35.9% 
Loéffler +, Herrmann-Clauberg — ........ 92 » 49% 


Bei blosser Anwendung des L6fflerschen Verfahrens hatten wir 
in 35.9% der Falle falsche negative Ergebnisse erhalten, mit anderen 
Worten mehr als HERRMANN (15.7%), aber weniger als OUCHTER- 
LoNY (69%). Bei blosser Anwendung des Herrmann-Clauberg Ver- 
fahrens hatten wir in 4.9% der Falle falsche negative Ergebnisse 
bekommen, also mehr als HERRMANN (1.1%) und OucHTERLONY 
(2%). 

Ausser diesen unseren 1,885 positiven Ergebnissen hat sich eine 
Probe, die sich mit dem Herrmann-Clauberg Verfahren als positiv, 
mit dem Léfflerschen als negativ erwiesen hat, durch Blutplatten- 
untersuchung in 119 Fallen als negativ herausgestellt. Positive 
Ergebnisse nur mit dem Herrmann-Clauberg Nahrboden sind also 
erzielt worden 

1,116 + 677 + 119 = 1,912 St., 
von ihnen sind falsche positive gewesen 119 St. bzw. 6.2%. 

Mit dem Herrmann-Clauberg Verfahren haben wir bedeutend 
mehr positive Ergebnisse erhalten als mit dem Lé6fflerschen Ver- 
fahren, aber andererseits hat das Herrmann-Clauberg Verfahren 
ziemlich viele (etwa 11%) falsche positive oder negative Ergebnisse 
sebracht. Es besteht also Grund, das Léfflersche Verfahren neben 
dem Herrmann-Clauberg Verfahren anzuwenden ebenso wie die 
Blutagarplattenuntersuchung zur Kontrolle des letzteren. 
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ZUSAMMENFASSUNG 


13,713 Diphtherieproben sind untersucht worden, wobei als 
Nahrbéden der Léfflersche und der von HERRMANN modifizierle | 
Clauberg III-Nahrboden gleichzeitig angewandt und insgesamt 
1,885 positive Ergebnisse erzielt worden sind. Von diesen hat das 
Lofflersche Verfahren in 35.9%, das Herrmann-Claubergsche in 
4.9% der Falle ein negatives Ergebnis gebracht. Mit dem letzteren 
sind in 6 % der Falle falsche positive Ergebnisse erzielt worden. 
Es scheint somit Grund zu bestehen, neben dem Herrmann-Clauberg 
Nahrboden als ergaénzende Mittel das Léfflersche Verfahren und 
Blutagarreinkulturen anzuwenden. 
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FROM THE WIHURI RESEARCH INSTITUTE 


EFFECT OF DILATATION AND INFLAMMATION OF THE 
GALLBLADDER UPON THE ELECTROCARDIOGRAM OF 
TEST ANIMALS 


By 
TEPPO VARTIO 


(Received for publication April 20, 1949) 


A fact which has long been known is that inflammation of the 
gallbladder, as well as gallstones, occur more frequently in persons 
with myocardial lesions and coronary sclerosis than in healthy 
individuals. Conversely, persons with a diseased gallbladder show 
a higher incidence of myocardial lesions and coronary sclerosis than 
healthy individuals. BrockBANK (1898) encountered, as_post- 
mortem findings, gallstones in 10.9 per cent of persons suffering from 
chronic cardiac disease, but only in 5.4 per cent of those with normal 
hearts. WiLLius and Brown (1924) found chronic cholecystitis in 
26 per cent of 86 autopsies of persons with coronary sclerosis. In 
accord with this are the results obtained by TENNANT and ZIMMER- 
MAN (1931), WitHELMy and HeELwia (1935), BREYFOGLE (1940), 
etc. ScHwARTz and HERMAN (1931) were able to demonstrate myo- 
cardial lesions in 63 per cent of 109 patients with cholecystitis, 
but in only 41 per cent of an equal number of patients free from 
gallbladder disturbances. Myocardial lesions were found by Larrp 
(1938) in 77 per cent of 65 patients suffering from gallbladder disease. 
MILLER (1932) noted a higher incidence of coronary sclerosis in 
patients with cholecystitis (with or without calculi) than in healthy 
individuals. 

The following factors have been advanced to explain the 
mechanism of this coincidence: common disturbance of the lipid- 
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cholesterine metabolism affecting both the heart and gallbladder 
(BEAN 1937), the noxious influence of bile substance upon the myo- 
cardium (Bascock 1909, Vest 1934), the inflamed gallbladder, 
constituting a focus of infection, which causes damage to the heart 
with its toxins (BABcock 1909, RoLLEston 1920, Boyp 1928 and 
CAMPBELL 1936), or reflexogenic influences transmitted from the 
gallbladder to the heart (BucHBINDER 1930, BETTMAN and RuBIN- 
FELD 1935, CONSTANCINESCU and TUCHEL 1939, et al.) 

As concerns the reflex connection between the gallbladder and 
the heart, it is held that in response to irritation from the gallbladder 
contraction of the coronary vessels will take place (DANIELOPOLU 
1939), the pathway for the afferent impulse being the phrenicus, 
the vagus or the sympathicus (Vest 1934). A number of experiments 
have been carried out to clarify this process. BUCHBINDER (1930) 
noted in frogs a well-nigh specific reflex, i.e., that speedy incision 
of the gallbladder and subsequent drainage have been accompanied 
by a complete standstill for a few seconds in the function of the 
heart. As this reflex can be inhibited by the administration of 
atropine, by vagotomy or decapitation, there is evidence of the 
vagus being the pathway along which the impulse travels. HopGe, 
MEsseErR, and Hix. (1947) carried out dilatation of the gallbladder 
in dogs with normal hearts, as well as in dogs with experimentally 
induced cardiac infarcts. The former showed no changes in the 
electrocardiogram, whereas the latter presented various alterations 
of the QRS complex, which, according to the writers were suggestive 
of changes in the coronary circulation. Prior to them, BELLET (1938) 
obtained much the same results. Taguini, YopicE, and TAQuUINI 
(1947) made similar experiments without finding any appreciable 
changes in the electrocardiogram. By measuring in dogs the coronary 
circulation volume by aid of a Morawitz cannula, HINRICHSEN and 
Ivy (1933) observed in the majority of cases an increase in the 
coronary circulation upon dilatation of the gallbladder. Donoso and 
STEINER (1946) also found dilatation of the gallbladder of the dog 
to be accompanied by an increased coronary circulation as measured 
with a Morawitz cannula, whereas emptying the gallbladder by 
manual pressure resulted in a reduction of the coronary circulation 
in 77 per cent of the cases. ECKENHOFF, HAFKENSCHIEL, and LAND- 
MESSER (1947) carried out dilatation of the gallbladder in dogs with 
an inserted rubber ball and subsequently determined the coronary 
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circulation volume by aid of a bubble flowmeter, but failed to see 
alterations in the coronary circulation upon distention of the gall- 
bladder. BETTMAN and RUBINFELD (1935) took electrocardiograms 
in man during operation on the gallbladder and noted an increase 
in the frequency as well as the presence of extrasystoles on stretching 
and pressing the gallbladder. Mc ArtHuR and WAKEFIELD (1944) 
distended the gallbladder in man during operation, their finding 
being various alterations in the electrocardiogram, such as a rise 
in the frequency, lowering of the T wave to the isoelectric level, 
extrasystoles, and a prolonged P-R interval, but no signs indicating 
coronary insufficiency. 

The effect exerted upon the heart by an infected gallbladder is 
very little dealt with in the literature. A constant change, but not a 
permanent one, was observed by CLARKE (1945) in the T wave of 
patients with active gallbladder inflammation. According to him 
inflammation of the gallbladder produces irritation and spasticity 
in the adjacent tissues and this again produces irritation reflexes, 
which, referred into the coronary vascular bed by the pathways of 
the autonomic nervous system, finally result in contraction of its 
vessels. My search in the literature revealed no mention of earlier 
experimental study of this matter. 


OWN INVESTIGATIONS 


The present study was directed to possible reactions of the heart, 
reflex in type, attributable to dilatation and contraction of the gall- 
bladder and to the effect upon the heart of experimentally induced 
cholecystitis, as expressed in the electrocardiogram. 


The research methods were as follows: — Rabbits and cats served as 
test animals. The electrocardiograms were taken with the test animals 
supine and fastened to the board. The three standard limb leads and needle 
electrodes were employed. The experiment was made under ether anaesthe- 
sia. On five rabbits it was carried out in the following manner: The animal 
was anaesthetized and tied to the board, and the electrocardiographic 
tracings were subsequently recorded. The next step was to make a small 
incision medially to expose the gallbladder, which was grasped by aid of 
a forceps. The gallbladder was first emptied by suction with a hypodermic 
syringe of the ordinary type, the nozzle of which was inserted into the 
gallbladder and kept in position by tying it with silk. Then the gallbladder 
was gradually inflated to the capacity with air, care being taken not to make 
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TABLE 1 
CONTRACTION OF THE GALLBLADDER UPON THE 
ELECTROCARDIOGRAM OF FIVE RABBITS 








Frequency 


Amplitude 


QRS-T 





Rabbit 1: 
ECG I: about 250/min. 


ECG II: » » 
ECG III: increased _ to 


about 300/min. 


ECG IV: unchanged | 
ECG V: : 


nothing significant 


» » 


diminished in all Leads 


unchanged in Lead III, 
in Lead I as in ECG I 


no changes 





Rabbit 2: (Fig. 1.) 


ECG _ I: about 350/min. 
ECG II: ) » 
ECG III: » » 
‘BeG WV: 
ECG V: decreased to 


about 250/min, 


decreased in Leads II 
and III 


unchanged 


» 


no changes 


Sl increased, SII absent, 
QIII deepened and 
SIII decreased. TIII 
slightly negative 


unchanged 


» 





Rabbit 3: 


ECG I: about 160/min. 

‘ECG I: » 4» 

eco lll: » #» 
: aS 


ECG 
ECG VV: increased to 
about 250/min. 


nothing significant 


and III 


decreased in Leads I} 


no changes 





Rabbit 4: 




















ECG I: about 200/min.|nothing significant no changes 
mee + + it OlethmhmltC ttt”~S eee al 
ECG III: » i" »— — -<— 7 
as + «| «© « | 
ECG V: increased to |decreased in Leads I] ; 
about 250/min.| and III 
Rabbit 5: 
ECG I: about 200/min.!nothing significant no changes 
mG MH + « | :  * - «4 > . 
ECG III: »  ». »  » ~~ deepening of SII and 
SIII 
‘ECG IV: »  » ‘re sees unchanged _ , 
ECG V: »  » |increased in Leads II] » 
and IIt 

ECG _ I: under anaesthesia before operation. 

ECG II: during contraction (Lead II). 

ECG III: after contraction. 

ECG IV: during dilatation (Lead II). 

ECG _V: after dilatation. 
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ECG I ECG III ECG V 





















































lig. 1. — The effect of contraction and dilatation of the gallbladder upon the 

electrocardiogram of rabbit 2 of the first test series: ECG I: before the operation. 

ECG III: after the contraction. The amplitude is increased in Lead I, decreased 

in Leads II and III. SI increased, SII absent, QIII deepened anad SIII 

decreased. TIII slightly negative. ECG V: after the dilatation. The frequency 
decreased. 


it burst. An electrocardiogram was taken upon each successive dilatation 
and contraction, as well as in the course of each procedure. The results are 
given in Table I. 

On five additional rabbits the experiment was performed as follows: — 
Upon inserting into the gallbladder a cannula connected with a hypodermic 
syringe by means of a rubber catheter, the incised wound was closed up. 
The dilatation of the gallbladder was brought about by injecting it with 
saline or with air through the catheter, whereas the contraction was elicited 
by suction. The electrocardiographic records were taken under anaesthesia, 
both before the operation and immediately after it, next upon closing the 
abdomen, then both during the dilatation and the contraction of the gall- 
bladder, and again after each of the two procedures. The results obtained 
were as follows: 


Rabbit 1: (Fig. 2) Immediately after the operation the electrocardiogram 
showed lower oscillations in Leads II and III. In the subsequent electro- 
cardiograms no further alterations were observed. The cannula was left 
in position. On the following day the experiment was repeated, both 
before and under anaesthesia, in the sequence stated. Even prior to 
the dilatation and contraction the electrocardiogram showed deeper 
SII and SIII than on the previous day. No alterations were produced 
by the dilatation and contraction processes themselves. 

Rabbit 2: The procedure was the same as above. On the first day, there 
were no changes in the electrocardiogram. On the following day the 
experiment was repeated both before and under anaesthesia. No changes 
were recorded. 
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I 
C 
Il 
( 
III 
( 
Fig. 2. —- Rabbit 1 of the second test series: ECG 1: before the operation. e@ 
ECG 2: immediately after the operation. Lower oscillations in Leads II and | 
III. ECG 3: after the dilatation and contraction. No changes. ECG 4: on the | u 
following day before the dilatation and contraction. Deeper SII and SIII. ! C 
at 
1 2 3 A 
v 
; il 
c| 
W 
II I W 
re 
h: 
i) 
III Ce 
Ci 
fo 
Fig. 3. — Cat 2 of the second test series: ECG 1: before the operation. ECG 2: R 
immediately upon the operation. TII and TIII lowered. ECG 3: after the 
dilatation and contraction. No changes. 
R 
Rabbit 3: The procedure was the same as above. No changes were’ noted 
on the first day. On the following day each of the three leads of the 
electrocardiogram showed larger deflections than previously. No further 
changes were noted. R 
Rabbit 4: After inserting the cannula and closing the wound, the dilatation — = Rk 


and contraction were delayed until the rabbit’s awakening from the 
anaesthesia. No changes were recorded. 
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Rabbit 5: The procedure was the same. The deflections were smaller in 
leads II and III immediately after the operation. No changes were pro- 
duced by the dilatation and contraction. 

The same experiment was carried out on three cats. The results obtained 
were as follows: 

Cat 1: After inserting the cannula and closing the wound the dilatation 
and contraction were delayed until the cat’s awakening from the 
anaesthesia. These procedures produced no changes in the electro- 
cardiogram. 

Cat 2: (Fig. 3) The procedure was the same as above. TII and TIII were 
lowered immediately upon the operation, but maintained that level 
during the subsequent recordings. No further changes were noted. 

Cat 3: The procedure was the same as above. No changes were recorded. 


SUMMARY. — Ten rabbits and three cats were subjected to 
experimental dilatation and contraction of the gallbladder both 
under ether anaesthesia and in an unanaesthetized state. Electro- 
cardiograms were taken simultaneously. The electrocardiographic 
tracings recorded no changes during the dilatation and contraction. 
After the operation and during the anaesthesia, various changes 
were noted in the amplitude and frequency of the deflections, and 
in the size of the various components of QRS. No constant nor 
characteristic changes suggesting pathological processes, particularly 
with reference to the shape of QRS-T, were observed. 


The effect of inflammation of the gallbladder upon the electrocardiogram 
was studied in the following manner: — The gallbladder of an anaesthetized 
rabbit was injected with colisuspension in broth by means of an ordinary 
hypodermic syringe and the site of injection ligated with catgut. Both 
prior to the operation and immediately after the injection, an electro- 
cardiogram was taken of the animal under anaesthesia. Repeated electro- 
cardiograms were taken at intervals of a few days. The results were as 
follows: 

Rabbit 1: The ECG preceding and following the operation showed nothing 
significant. After twenty days the ECG was taken again, but showed no 
alterations. Later on the rabbit succumbed. There was no post-mortem 
examination. 

Rabbit 2: The ECG taken prior to and after the operation showed nothing 
significant. Two days later a new ECG was taken, but showed no 
changes. Subsequently the rabbit succumbed. There was no post- 
mortem examination. 

Rabbit 3: The same as above: no changes. 

Rabbit 4: Nothing to be noted in the ECG preceding and following the 
operation. After three days another ECG was taken: TIII was nega- 
tive. Six days later TIII was less negative. Twenty days later TIII 
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was small but positive. The rabbit succumbed subsequently. Post- 

mortem examination revealed numerous adherences in the abdominal 

cavity and an atrophied, thick-walled, suppurating gallbladder. 

Rabbit 5: Nothing remarkable was found in the ECG taken before and 
after the operation. Three days later the oscillations in all leads were 
somewhat smaller than previously. On the following day the rabbit 
succumbed. Post-mortem findings: inflammation of the galibladder and 
its surroundings. The gallbladder was atrophied and filled with heavy 
pus. 

Rabbit 6: The ECG taken before and after the operation showed nothing 
significant. On the subsequent day the rabbit succumbed. Post-mortem 
examination revealed an atrophied gallbladder containing heavy bile. 

Rabbit 7: The ECG taken prior to and after the operation showed nothing 
significant. Two days later the rabbit succumbed. The post-mortem 
finding was a gallbladder filled with heavy bile. 

Rabbit 8: Nothing to be noted in the ECG. A few days later the rabbit 
succumbed. The was no post-mortem examination. 

Rabbit 9: Nothing significant in the ECG before nor after the operation. 
On the subsequent day the rabbit succumbed. No post-mortem 
examination was made. 

Rabbit 10: The ECG before and after the operation revealed nothing 
significant. Twenty days later another ECG showed that the oscillations 
of Lead I and II were larger than previously. No further alterations 
were noted. The rabbit succumbed later on. No post-mortem examina- 
tion was made. 

The experiment was also carried out on four rabbits in the following 
manner: In addition to the injection with coli-bacteria, the gallbladder was, 
in three cases, filled with some twenty glass beads of 144 mm in diameter, 
whereas in one case a single bead of 5 mm in diameter was inserted. The 
results obtained were as follows: 

Rabbit 1: The ECG taken before and after the operation revealed nothing 
significant. Three days later SII and SIII were somewhat deeper than 
in the previous records. In each of the three leads the oscillations were 
five days later larger than previously. SII and SIII showed further 
deepening. Twelve days later the ECG was the same as in the beginning. 

Rabbit 2: The ECG taken before and after the operation revealed: nothing 
significant. Three days later the deflections in each of the three leads 
were smaller than in the previous tracings. Five days later the deflections 
in Lead I were larger, in Lead III somewhat smaller than in the previous 
ECG. TII was isoelectric, TIII slightly negative. Twelve days later RI 
was larger, QII deeper than previously, TI isoelectric, SII absent. 
A few days later the rabbit succumbed. Post-mortem examination 
revealed suppuration of the operative wound, two liver abscesses the 
size of a thumb-nail, containing heavy pus. The gallbladder was 
thickwalled, filled with heavy pus and glass beads. 
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Rabbit 3: The ECG recorded before and after the operation revealed 
nothing significant. Three days later the deflections in Lead III showed 
largening. Five days later TIII was negative. Twelve days later the 
deflections in Leads II and III were larger than in the previous records. 

Rabbit 4: (a single large bead) The ECG before and after the operation 
revealed nothing significant. On the following day no changes were 
noted in the ECG. Ten days later there were no alterations. The rabbit 
succumbed subsequently. No post-mortem examination was made. 
SUMMARY. — The gallbladders of ten rabbits were injected with 

coli-bacteria. Glass beads have been inserted into the gallbladder of 
four other rabbits. Electrocardiographic tracings were recorded 
both prior to the operation and after it. The recording was repeated 
at varying intervals. In one of the rabbits TIII showed a transient 
shift to the negative. Those rabbits which were specially prepared 
by inserting glass beads into the gallbladder showed various altera- 
tions in the amplitude of the deflections and in the size of the 
components of QRS, but no constant nor characteristic changes. 


COMMENT 


Dilatation and contraction of the gallbladder was carried out 
on ten rabbits and three cats, both under anaesthesia and without it. 
These procedures produced in the electrocardiogram various 
alterations in frequency, either increase or decrease, as well as 
changes in the amplitude of the deflections and the various compo- 
nents of QRS. The surgical shock and the effect of prolonged 
anaesthesia (SCHAFER, UNDERWOOD and GAyYNorR 1929) might 
suffice to explain the varying electrocardiographic changes. Not 
one of the electrocardiograms, it should be noticed, showed changes 
suggestive of distinct contraction of the coronary arteries. On ten 
rabbits of the latter test series the gallbladder was injected with 
coli-bacteria. Glass beads were inserted into the gallbladder of the 
remaining four rabbits. Nor did the electrocardiographic tracings 
of these animals yield signs indicative of contraction of the coronary 
arteries due to the inflamed gallbladder. It is to be noted that a 
large proportion of these rabbits developed a fatal septic state 
without presenting appreciable alterations in the electrocardiogram. 
From the above experiments, consequently, it cannot be concluded 
that the reported animals actually displayed a reflex which, referred 
from the irritated gallbladder into the cardiac region, caused 
contraction of the coronary vessels. 
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SUMMARY 


Dilatation and contraction of the gallbladder in rabbits and cats 
as well as experimentally induced cholecystitis + cholelithiasis in 
rabbits did not produce in the three standard limb leads of the 
electrocardiogram any constant, characteristic deviations from the 
normal. 
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Blood cultures give conclusive results, provided the contami- 
nation percentage is reduced to a minimum and growth occurs. 
In spite of most favourable conditions when taking, sending, and 
cultivating the samples, the results can often be negative, even 
in a fairly high percentage of cases. Table [ illustrates the results 
obtained elsewhere. 





























TABLE I 
GROWTH OF PATHOGENIC BACTERIA ACCORDING TO DIFFERENT STATISTICS 
Authority Year | Patients | Cultures bine oy 

RIcChtNAN. .i62 654.64: 1932 3869 5233 762 14.6 
JOTZENSEN sew ees 1936 93 22 23.7 
IDUARCY) x wx6¥ 55:90" 1937 175 35 20.0 
WIGS. Cisse wreee were 1940 3423¢ 5310 20.6 
INOW 255s Faris ogi ie 1942 579 Lio 
DHEATED 5.54465 51426 1945 30.0 
RENAN S el aia tase: /o:tois tare 1947 8620 2362 27.4 

| Own Results ...... 1949 2103 279 13.3 














Among the cases described by Lichtman (4) there are many 
where pathogenic bacteria had grown unexpectedly. In cases of 
endocarditis lenta growth occurred in 95 per cent. 

Jérgensen’s (3) statistics only contain sepsis, endocarditis, and 
rheumatic fever, whereas pneumonia, typhus, etc. have not been 
included. The large number of positive results is due, in his opinion, 
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to the use of the anaerobe method parallel with the one generally 
employed; the former produced a growth of several streptococcus 
strains, while the aerobe cultures remained sterile. 

Among the cases reported by Dulaney (1) typhoid fever is 
relatively abundant (13 cases), which increases the percentage of 
positive results. 

In the statistics compiled by Fox (2) the percentage of growth 
is, according to himself, too great and therefore missleading, owing 
to high values for typhoid fever (58 per cent) and also for endo- 
carditis lenta, pneumonia, and surgical sepsis. 

Mollov (5) has taken all growth into account, without any 
differentiation of pathogenity. By using the classification I have 
employed (page 171) the positive results ought to be reduced 
by 4.7 per cent. 

In Reynes’ (8) statistics the percentage of growth was in- 
creased when the anaerobe method was used, augmenting the 
number of positive results by 94 (4 per cent). 

Shearer’s (9) growth percentage is high but among the positives 
are also counted Proteus vulgaris, as well as Escherichia coli, which 
are generally considered contaminants. He could, by improving 
the technique, reduce the contamination percentage of about 50 
even to 13.8 per cent. 

In the course of the last five years our laboratory received 
in all 2103 blood specimens, on which blood cultures were per- 
formed. Part of the samples came from the country as citrated 
blood and were inoculated into culture tubes at the laboratory, 
while the majority were already inoculated into tubes supplied 
by the same laboratory. As nutrient medium the laboratory gener- 
aliy used 4 per cent peptone water with 0.2 per cent glucose with 
a pH of 7.4 up to November 1946 and since then a 1 per cent 
buffered beef peptone with 0.1 per cent glucose and pH 7.4. To 
bottles containing 45 ml of culture medium 10 ml of blood have 
been added in some cases and in others the blood has been divided 
into two bottles containing 3 ml and 7 ml respectively. © 

The number of specimens has steadily increased with each 
year. Growth ensued in 649 (30.9 per cent), but bacteria to be 
regarded as »pathogenic» only grew in 279 (13.3 per cent) instances. 
The incidence and classification of different bacteria is illustrated 
by Table II. During this five year period fully negative cultures 
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TABLE II 
BACTERIA ISOLATED FROM BLOOD CULTURES 


Pathogenig Number 

SUPER OCOCULIS VATICUIAS © Gre.) 6 siisi'si'o: 01s '5i-0).cens 9% 9 Gelate ene seid. wileacacecae's 56 
» [EAE CLECTS I ee Rene SORA CR eres ects ea CeCe 24 

> AUG TPIT P ING beg 180 ciieie a: W'sorfa o:e)4' 5's shale, o's 0/0 4) sel 6'o s aeus ates 20 

» CONTIG 1) 10 (3 Sg ter eee a ree 4 

» EROCOMADEES: | olisio(eheyfs (6, 0)e)sis wid l4a oo siieiele ors wie wie eve/ats 1 

» ACG ATAS D5 yo 75 0 va sats Wises 8859510 % Lan gee Sielaa celeron 3 

» atypicas(weak Virulens) .i....0.cccveceseses 4 
DIPlOCOCCHSSPREUMONIAC 6.6.0.6 ccc es bene s cece eeeenneeses 2 
ETACTOMIMENISHEDE CIOS: <572):656/6..0) 015)5 6s: 61S ayiar eis ave Seis: eae oceiete mer wiwieee 2 
re AIRE CER Stet S yo id vos ol aleoi/eeoie eialiovels (ay.0\ Grave) aieia’ses eii@inlOine she 1 
UAMVADOOCCHS AUNCUS sods 6. si0ts < slo .e nas oes dose es sees saces 105 
» PUBUS THACHIOIVAICUS® 5.66.0 6.55:5.9:05 30:0 eas 64 aise ons 5 

SS ATERIGSIAO END DNAN ero edey oor so1651%5 lay sls “5 Conia a 10 lores @/ a'ts/ sie o: sie: '9 6h 0S os eieliaiier’e 11 
» PAIL AD ELEMIS «6. cva'a)sa\.e101si'eveiss10161 6.0 9191614 @.0.9/5)0 seas ela ees 41 

Non-pathogenic 

Staphylococcus albus. ........ Bo veers adalat ee sare (ie rete areiareleio ee 170 
» SRO EISUUS Swiss hg errata ralea sa ranelte wols ouolarsi sta tebale looses 2 
DSCC EVEL (C0 (01) LTC aR ee nee ee 31 
APEC ECE SAT PARA CON reise avaseiede a iereve'e'c Stele doovewiai ess weiss one's esa evecare. ioe 26 
» PACCAMSTAICAUBONES: 2. cose sw eitce ce ew ties tweeres 98 

NGM NCE eta fens tesiec tala i atisna. to: 6. oie s!isavs /ai.o/ls'o' ei oie) ones wils) s sie = leielsis ejeyaie 6 
MUCUS TUMMEERIN. | Co/siailersyaiss. 4.25505 sls (a's! d.aiesigcsleisis'd 6 <'s'6-0' so 4 ahe are 6 
PSCUGOMIONAS, AETUBINOSA 6(.26 6 eee esc ee ee serene seeee 14 
Corynebacterium pseudodiphteria ................0 eee ee eens 6 
BE ACPA UL ELAY YS UDID ENTS 25351 0.<0 6: 6 5. 6:55)0s 01,01 5/0%Sps1.0fis) 416 9 Si sp pisreiel See Tw eds os 10 
RepRienet BES EM eet ate ie ten chase poy siie.10 60 Se oi 9 2s late catia. aictsiisr eile le. w. 6 oiseile ora) svsiatelelaciets 9 
UTED TED Soe ia aise otalenes bys ess SVC ate mene ae ar ar cay oP aera ee gr atarere Sc eee 1 
POU EDU eM ERM e ean tes Sta alco faivo avn) Sa SIS aaa Cia wiles se WIGS SONS se Bi 3 
MICTOCOCCUS ANUIDIGUICUS) 6... oo esos ceo sae eso we cee ele eee 1 
MUMS EATS Utes TAMEA UR TA NIE PoP gs 2.5 ovat 9 28s ela ie oli ot'ar ol date Giateuensi ole wiaua wiaconpsas eis 2 
WUNGRIAERIRTIBNERR ERD! 65.5 foy'si eco: (o.15:101) sane Xela ©: 0/6) 9) Bb sia Uorel wimieteiel chasers. 26 


totalled 1405 (67.3 per cent) and 39 cases (1.3 per cent) had to be 
discounted owing to technical errors and accidents. There has 
been a regular yearly decrease in contaminated samples, their 
number having decreased in the course of last year to 12 per cent, 
ie., below the limit (14 per cent) required by Shearer (9). 
Diagnosis was available for 697 different patients. The cases 
were divided! on the basis of the diagnosis into three groups: 
into those where according to the diagnosis bacteremia was not 
to be expected, into those where bacteremia was possible but 


1 In the classification of the cases I have received valuable assistance 
from Dr. P. I. Halonen, to whom my best thanks are due. 


12 — Ann. Med. Exper. Fenn, Vol. 27. Fasc. 3. 
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TABLE III 


DIVISION OF THE CASES INTO DIFFERENT GROUPS ON THE BASIS OF DIAGNOsIs, 
TAKING INTO ACCOUNT THE POSSIBILITY OF BACTEREMIA 





Group Noninfective surgical diseases (e.g. prolapsus recti)........ 13 

I WNGINES URINOES eosin s oan er atneuuTaeb whe Sueew sakes its 17 

SGASIMO=ENUERTENIAL TISPAGES 5. ck sce cess ob 5:08 do bia se aisie wes o's 13 

MENUOIDIAUMENNIOIAISER Wee <tcdalss ole ais Sac wre ie sols cola ans \avela wise eresoceie es 29 

SGRNVEPSURUEORTMAIDPANES,  foricisieip ops-s)Sia sisrsisiS es ielela oS sis e es ces 16 

Local infections, with no bacteremia ..............ceee08 10 

MMMEEOMADLIS MRMICESBES® — 5iGiGis ois ans a's 9S otie we Sisal eievare w aie sie Gleresais 25 

Diseases caused by virus, fungi, or parasites ............ 17 

Tegumentary, allergical, endocrine a.o. misc. diseases...... 48 

Total 188 

NONSDNOMMRGNILNNNRAIARRCCENICN:|| ocoin oy wile ve oe oc iris 3015.0 Was pe leiden ieee eels 32 

II Acute ang Theumatic endocarditis «.........5...ssscescees 36 

MURMGSKSE RUS MMCNNNIA,: | 255s Se caerio fe 10) wiinise melon peilas5 10s (6d ais wile wi oie Ue alas 41 

RURSORUB UO RASUESLOMEIRNSASEA fo 5:15 6 (o)ip (a jag esos ise os ere a.niwi gale elerwlers 15 

EUG PINMIRS MMRONNDA Roe aie3a 5 sn lem lacs tails eles hie igiauerd Minin wlalesie a aye eels 10 

AGAEIMUSENIOTENASOHOUNTER. iio pt sidieieis Gielen ais a's susiers seine a WGK saw sis 35 
Surgical infections, probably with bacteremia (cholecystitis 

DMEM ELOS iarsk's ch, bis GAs wise ow aise eaele eam Sawa sia 13 
Gynecological and other infections, there may be bacteremia 

AOCRORRMO IRE MCIN NES RCRNS OD Sie yrs 5-2. <6) 1p ara avis iatielSst ssi 4g cola ceo iee celta are 49 

pubchronic and chronic infections 2... 2. 2.666.628 60 ses ees 5 

Total 247 

SONIA ND PARANA CHRD UBUNE SR CIRUEL 5 0 5c 5 sao 50 a0 lo) ssa w UO e av ey icrasreielec. ale wierelgsd SO 6 61 

See RIS ISGP aaa am. eens oss ewes Ra sins a Ue Alw ue ie wie dieses 54 

RERRESMMADNDIEREA Bred tot ee bens ass Ga weih cis ols So AU 9c is uaieus-ylers Sis ee le Sewn 45 

Typhoid fever and Salmonella fever ...................- 34 

Sungical 4nfections (pniegmon e€tc;)  ....06..6..86seesese ces 44 

WAUDVON EAMES DRNSIDNMMASS | Fa ecto 19 Wis rake aco e tos ve vio Sas ee Aone ee eS 5 

Meningitis purul., otitis media a.o. misc. infections ........ 19 


Total 262 


not permanent, the third group consisting of cases in which the 
disease, at least at some stage of it, was regularly associated with 
bacteremia. The grouping of the cases is presented in Table III. 

Table IV (and \V) illustrates the results of blood cultures in 
these different groups. We note that bacteria generally regarded 
as pathogenic also grew in the cultures belonging to the first group. 
The growth of pathogenic bacteria is most frequent in the third 


group. 
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TABLE IV 


GROWTH IN DIFFERENT DIAGNOSTIC GROUPS 















































I II III Total 
No. % No. % No. % No. % 
Specimens ...... 188 | (27.0)| 247 | (35.4)| 262 | (37.6)| 697 
Pathog. bact.  .. 12 6 24 10 64 24 100 | 14.3 
Contaminated .. 27 14 47 19 51 19 $257} 27-9 
Negative ...... 149 79 176 71 147 56 472 | 67.8 
TABLE V 


RESULT OF TREATMENT IN DIAGNOSTIC GROUPS 





















































I II III 5 
2% 
ian i Path. Path. * Path. |" & 
SReL nC FUER) g Bact. g Bact. Zz Bact. |S a 
§ & o —_ 

No: % 1 = LE Norl-% No. | % 

Pen. >250.000 un. ....] 15 7g i es: 261. 3° | 21 sor 6S 9 78 
Pen. <250:000 un. ....| 8 2 25 7 6k 6 hal 4.224 42 
Var. sulphadrugs ...... 6;—]— 23) 6S) 13 25) — | — 54 
DITEPLOIMYOMD 6s. o.600-3.5 —;}—-|{- 1] — | — 1} — |] —- 2 
treated cases, total ..| 29 4 | 14 69} 7] 10 to. of S| 176 
untreated cases ...... 64 1 i 97| 5 5 65) 8 | 12 | 226 
Total No. of Cases ....| 93 | 5| 5 | 166] 12 | 7 | 143] 15 | 10 | 402 

















The records available for 402 patients contained information 
on the therapy. As evidenced by Table V, about one-half of the 
patients were given some kind of antibacterial treatment before 
the blood cultures were made, about one fifth of them having 
even received significant amounts of penicillin. In spite of large 
doses of penicillin, pathogenic bacteria sometimes continued to 
grow in the blood cultures. The growth was surprisingly frequent 
in these cases, and still more frequent in group one than in groups 
two and three. 

In cases of endocarditis lenta, 18 per cent exhibited a growth 
of Streptococcus viridans and 10 per cent some other pathogenic 
micro-organism, such as anhemolytic or anaerobic streptococcus, 
Staph. aureus or Haemophilus, which may have caused endocarditis. 
In 21 per cent the patient was administered penicillin prior to the 
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taking of the sample, which may have been responsible for the 
low percentage of growth. 

In sepsis, pathogenic bacteria had grown in 23 per cent. Peni- 
cillin medication possibly inhibiting the growth had been giver 
prior to the taking of the specimen in 13 per cent. 3 cases exhibited 
a growth of Pseudomonas aeruginosa. One of them showed 
symptoms of endocarditis lenta and a repeated growth of Pseudo- 
monas. The remaining two were children also affected with gastro- 
enteritis, death ensuing in both cases. In neither case had blood 
cultures been made more than once. 

Of the 29 Salmonella fever patients 7 had a history of more 
than two weeks’ fever. Of the remaining 22 growth ensued in 59 
per cent. 

No growth could be produced in a single instance of postabortal 
febrile cases, probably due to the circumstance that the laboratory 
has not generally made use of the anaerobe method in routine 
proceedings. 


TABLE VI 


GROWTH OF STAPHYLOCOCCUS AUREUS, STAPHYLOCOCCUS ALBUS AND COLIFORM 
BACTERIA IN DIAGNOSTIC GROUPS 








I II III 





Number % Number Or Number on 











Staph. aureus ...... 4 2 8 3 18 7 
ren, RUBS 3.5.2.3 12 6 19 8 33 13 
COT Caer eae 9 5 21 9 33 13 























Table VI illustrates the growth of Staphylococcus aureus, 
Staphylococcus albus and coliform bacteria in the different dia- 
gnostic groups. As we see, the growth percentages increase pro- 
portionately for every bacterium. 


DISCUSSION 


The results of blood cultures obtained at the Department are 
not as good as those obtained elsewhere (Table I). This may be 
partly due — as illustrated by Tables III and IV — to the rela- 
tively large proportion (about 30 per cent) of cases where 
bacteremia was not to be expected. The extensive antibacterial 
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treatment administered immediately before the taking of the 
cultures also contributed to the keeping down of the percentage 
of positive cultures. Yet our very simple nutrient substance might 
also be considered as a factor reducing the number of positive 
results. As far as last year’s results are concerned, the contamina- 
tion percentage can be regarded as lying on a satisfactory although 
not optimal level. 

It is rather interesting to see how frequent are the cases of 
asymptomatic bacteremia in my statistics. It is possible (7) to 
obtain bacterial growth in the blood of healthy persons. It may 
partly explain the results in the cases with unexpected growth. 
There might also have been cases with a »vague diagnosis», as, 
for instance, in the first group one third had received antibacterial 
treatment (Table V) and therefore the suspicion must be enter- 
tained that the patient might have exhibited some signs indicative 
of infection even if the diagnosis gave not evidence of it. 

Antibacterial treatment administered immediately before the 
taking of blood specimens prevents a positive result in the majority 
of cases. But if severe local infection is involved, continually 
discharging bacteria into the blood, growth can be brought about. 
This is illustrated by a patient whose cultures, notwithstanding 
the administration of several millions of units of penicillin, showed a 
persistent growth of Staphylococcus aureus. The diagnosis was 
septicaemia and pneumonia, to which endocarditis ulcero-verrucosa 
was added on the basis of the autopsy. In complicated cases a 
positive blood culture in spite of abundant antibacterial medication 
can therefore have a prognostic value. 

The results obtained in cases of endocarditis lenta and parti- 
cularly in sepsis cannot be considered satisfactory, when com- 
pareing them for instance to corresponding results obtained by 
Lichtman (4). The media used by us seem not to be good enough. 

The growth of Pseudomonas aeruginosa should not be regarded 
always as due to contamination. DeMuth (6) describes a case which 
began with abdominal symptoms and led to death from endo- 
carditis. Pseudomonas grew repeatedly in the blood culture, and 
the bacterium could also be made to grow in specimens taken 
postmortally. Autopsy revealed massive endocarditis as well as 
considerable changes in other organs. It was ascertained that 
Pseudomonas aeruginosa had invaded the circulation from abdo- 
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minal organs, which is also supported by the symptoms at the 
onset. Referring to this case, he recommends, whenever a growth 
of Pseudomonas is demonstrable, checking it by new cultures, 
and if the positive results persist, to suspect Pseudomonas aeruginosa 
as the causative agent. The three cases préviously mentioned give 
rise to the suspicion that they are of the same nature as the one 
just described. 

Especially interesting results are seen in Table VI. The growth 
of Staphylococcus albus and Coliforms are generally considered 
contaminant. According to the table where the growth percentages 
are rising from the first to the third group in the same way as 
percentages of Staphylococcus aureus which can be considered 
pathogenic, we can find that among the cases of Staphylococcus 
albus and Coliform growth, there may be also true bacteremia, all 
the more because Staphylococcus albus grew in many cases of 
osteomyelitis and Coliforms — in many cases of gastroenteritis 
and gluteal or some other pelvic abscess or phlegmon. The 
contamination cannot be variable according to the diagnosis. It 
would be particularly interesting to verify the results in larger 
statistics elsewhere. 


SUMMARY 


Of the 2103 specimens examined 279 (13.3 per cent) produced 
a growth of pathogenic bacteria. 

Contamination has steadily decreased, amounting last year to 
12 per cent. 

A growth of pathogenic bacteria was also demonstrated in 
such cases, where, according to the diagnosis, bacteremia was 
not to be expected. 

An antibacterial treatment administered to the patient does 
not entirely eliminate the serviceableness of blood cultures, on 
the contrary, they can be of prognostic value and, in consequence 
of the limits set up by specificity, also possess a diagnostic signi- 
ficance. 

The growth percentages of Staphylococcus albus and Coliforms 
in diagnostic groups are rising in the same way as the growth 
percentages of Staphylococcus aureus. 
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AUS DEM SERO-BAKTERIOLOGISCHEN INSTITUT DER UNIVERSITAT HELSINKI 


UBER DAS VORKOMMEN VON TETANUS NACH KRIMI- 
NELLEM ABORT 


Von 
TAPIO SAVOLAINEN 


(Eingegangen bei der Redaktion am 3. Mai 1949) 


Der Starrkrampf gehoért zweifellos zu den seltenen puerperalen 
Infektionen, es gibt aber zahlreiche Untersuchungen dariiber, die 
im ganzen ca. 200 Falle behandeln. Dagegen ist der Tetanus nach 
kriminellem Abort bedeutend seltener, obgleich die Infektionsmég- 
lichkeiten hier offensichtlich grésser sind. In einem Teile der Faille 
kann natiirlich der septische Zustand vor der Entwicklung des. 
Starrkrampfes zum Tode gefiihrt haben, und alle Falle sind ja 
wohl kaum verdéffentlicht worden. 

Von der Natur des kriminellen Abortes hangt es ab, dass ausser 
denjenigen Fallen, wo das verbrecherische Verfahren zugegeben 
oder festgestellt worden ist, es eine Anzahl von Aborten desselben 
Ursprungs gibt, wo dieser sich aus irgendeinem Grunde nicht mit 
geniigender Klarheit ermitteln liess. Somit muss man damit rech- 
nen, dass es unter solchen Fallen, wo der Starrkrampf nach einem 
als spontan angegebenen Aborte entstanden war, auch unbe- 
statigte kriminelle Aborte gibt. 

Uber die Entwicklung des Tetanus nach Abort gibt es viele 
Untersuchungen, u.a. von HErnricius (5) 1 einheimischer Fall, 
Vinay (27) 47, MEINERT (11) 1, Rose (24) 4, Sremnitz (21) 1, Fua- 
TAU (2) 2, KurtTI0 (8) 1, und Mrronescu u. BALs (22) 2 Falle. 

Der erste Fall von Starrkrampf nach sicher krimineller Frucht- 
abtreibung wird in SaTtTLers (15) Abhandlung vom J. 1890 behan- 
delt. Danach sind jedenfalls noch folgende Falle veréffentlichtworden: 
SEEGERT (18) 1, ScHOTTMULLER (17) 2, Kraus (6) 1, FREUND (4) 2, 
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SPIEGEL (20) 1, RoTHSCHILD (14) 2, Srmon (19) 3, PRost(12) 1, SCHNEI- 
DER (16) 2, V6LcKER (28) 1, und FLECHTNER u. Quast (3) 2 Falle. 

Zu beachten ist die geringe Anzahl der veréffentlichten Tetanus- 
falle nach Abort, obgleich der Starrkrampf z. B. in den Tropen eine 
ziemlich haufige Todesursache darstellt: nach Warinea (26) star- 
ben von 42,651 Toten 912 an Tetanus, und davon 232 an puerpera- 
lem Tetanus. 

Die Erforschung der Infektionsquelle ist von besonderem In- 
teresse. Die Infektion hat offensichtlich durch Personen herbeige- 
fiihrt werden kénnen, welche innere Untersuchungen anstellten (5), 
oder hat sie sich die Patientin bei Gartenarbeiten zuziehen kénnen 
(21). Andere Forscher halten die Gedarme fiir die Infektionsquelle 
(4), sind doch in den Gedaérmen Tetanusbazillen oder ihre Sporen 
recht reichlich vorhanden, nach TENBRoEcK und BAUvER (23) 
34.7 %, nach BuzELLto und RAuHMEL (1) 40 %. Die Letzteren stell- 
ten fest, dass Personen mit Karzinom oder ulzerésen Prozessen im 
Magen-Darmkanal, ganz besonders viel Tetanusbazillen hatten. 
Dagegen gehort der Starrkrampfbazillus nicht zur vaginalen Flora, 
was MARTIN (10) bewiesen hat, indem er mit dem Vaginalsekret 
von 100 Patientinnen, ohne besondere Auswahl, die Mauseprobe 
anstellte. In keinem einzigen Falle liessen sich Tetanusbazillen fest- 
stellen. In den 3 von MEINERT (11) veréffentlichten Fallen war die 
Ursache der Infektion offensichtlich der Bozemannsche Uterus- 
katheter, der bei der Behandlung sdmtlicher Falle gebraucht 
wurde. Eine besondere Infektionsquelle lag auch in FLataus (2) 
beiden Fallen vor, wo eine Uterussonde gebraucht wurde, an dessen 
Lackanstrich Tetanusbazillen gefunden werden konnten. 

Das Verfahren bei manchen kriminellen Aborten verbleibt 
natiirlich in Dunkel verhiillt; sonst pflegt es sehr verschieden zu 
sein. Zuweilen hat die Patientin sich selbst mit einem diinnen Holz- 
stéckchen in den Uterus gestochen, eine behauptete es mehrmals 
getan zu haben (3), zuweilen haben die Patientin selbst oder der 
Abtreiber, darunter sogar Arzte, Seifenwasser u.a. in die Gebar- 
mutter gespritzt. Auch Vaginalspiilungen sind gemacht worden. Im 
Falle Kraus (6) wurde eine Wurzel der Malva communis gebraucht, 
an der es spater Tetanusbazillen zu finden gelang. 

Die Tetanusinfektion bei kriminellem Abort ist offensichtlich 
durch aussere Eingriffe in den Uterus oder in dessen ladierte Um- 
gebung verursacht worden. 
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Obgleich es unter den obenerwahnten Fallen einige Tetanus- 
monoinfektionen gegeben hat, ist gemischte Infektion als Regel zu 
betrachten, da ja solche Zustande bei septischem Abort vorherr- 
schen. Auf experimentellem Wege hat es sich dagegen nachweisen 
lassen, dass keine Tetanuserkrankung entsteht, wenn man Ver- 
suchstieren Starrkrampfbazillen injiziert, aus denen das Toxin 
entfernt worden ist (25). 

Die Inkubationsperiode scheint bei puerperalem Tetanus etwas 
kiirzer (2—11 Tage) als bei traumatischem zu sein, wo sie oft iiber 
12 Tage betragt (3). In ca. einem drittel der von Kurttio (8) 
beschriebenen Falle hat die Inkubationsperiode iiber 12 Tage 
gedauert. 

Als erste Symptome treten regelmadssig Beschwerden beim 
Schlucken oder Halsschmerzen und Steifheit im Unterkiefer auf, 
worauf sich ziemlich regelmassig das vollstandige klinische Bild 
des Tetanus zu entwickeln pflegt. 

Die Resultate der Behandlung sind Ausserst schlecht (Sterb- 
lichkeit 85—95 %), schlechter als beim traumatischen Tetanus, 
wo die Sterblichkeit nach Kurtrtio (8) durchschnittlich 61 % 
betraf. Das liesse sich teils dadurch erklaren, dass wahrend der 
Schwangerschaft im Uterus vorziigliche Resorptionzustande herr- 
schen und anderseits die Wege bis zum Riickenmark kurz sind. 

Beruhigende Mittel, Serumbehandlung und eine radikale Ute- 
rusamputation haben nur in seltenen Fallen Resultate gezeitigt 
und auch nur dann, wenn Serumbehandlung und Amputation gleich- 
zeitig unternommen wurden. Nur Mironescu und Bats (22) mel- 
den die Genesung zweier Tetanuspatientinnen nach Abort durch 
Serumbehandlung, wobei enorme Mengen Serum, d.h. tiber 3,000,000 
Einheiten, oder 6 Liter per Patientin verabfolgt wurden. 

Bakteriologische Untersuchungen sind in den verdéffentlichten 
Fallen relativ wenig unternommen worden. Gewoéhnlich hat man 
sich mit der Feststellung der Tetanusbazillen durch Tierproben be- 
gniigt, aber auch das ist nicht immer gegliickt. So ist im Falle SEE- 
GERT (18) die Tierprobe bei der Verwendung des der lebenden 
Patientin entnommenen Vaginalschleimes gelungen, nicht aber bei 
der Obduktion. Auch in ScHoTrMtLuers (17), SPIEGELS (20) und 
FLECHTNERS u. Quasts (3) Fallen gelang der Nachweis der Teta- 
nusbazillen. Bei anderen wiederum, wie bei Prost (12), ergaben 
sowohl die bakteriologische Untersuchung, als auch die Tierprobe 
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ein negatives Resultat. In anderen Fallen, wie bei SCHNEIDER (16) 
und VOLCKER (28), entsprach dem klinischen Tetanus ein bakterio- 
logischer Gasbrand. In diesen Fallen handelte es sich ohne Zweifel 
um Starrkrampf, und Clostridium Welchii trat als Nebenfund auf. 
Das bestatigen auch die Untersuchungen von LEHMAN und FRAEN- 
KEL (9), denen es gelang im Cervicalsekret von 580 untersuchten 
Abortfallen bei 106 Patientinnen Cl. Welchii ohne klinische Sym- 
ptome zu finden. 

In meinem Falle habe ich bakteriologische Untersuchungen 
angestellt, aber keine vollstandige Anamnese erhalten k6énnen. 
Gemeinsam mit dem von Kurttio (8), beschriebenen Falle ist der 
gleiche Erkrankungsort. 


E. L. B. 38-jahrig, Arbeiterin aus Pietarsaari, besuchte den Arzt am 
3. 4—48 und 9. 4.—48, wobei Graviditat im friihestens dritten Monat 
festgestellt wurde. Als der Arzt den erwiinschten Abort nicht ausfiihren 
wollte, sagte Pat., sie wiirde ihn anderweitig machen lassen. Am 3.5.—48 
wurde ein anderer Arzt zur Patientin ins Haus gerufen, der Kieferstarre 
feststellte und Pat. ins Krankenhaus brachte. Trotz Serum und Medizinen 
starb Pat. am 5. 5.—48, wobei das klinische Krankheitsbild am nachsten 
einem fiebrigen Starrkrampf entsprach. Die am 12. 5.—48 unternommene 
(gerichtsmedizinische) Obduktion zeigte keine dusseren Verletzungen. 
In den inneren Organen ausser dem unten Angefiihrten nichts besonderes. 
Die ausseren Geburtsteile waren etwas angeschwollen, Uterus 3 x 10 x 13.5 
cm,seine Miindung klaffte 4cm weit auf, war dunkelrot, enthielt Placenta- 
stiicke und geronnenes Blut; Milz 11 x 9 x 3m, schlaff, Oberflache glatt, 
feucht, innere Struktur unklar. 

Zwecks bakteriologischer Untersuchung wurde Blut in ein steriles 
Rohrchen, wie auch ein Teil der Milz und die Halfte des Uterus in ein und 
dasselbe Glasgefiass entnommen. 

Die Abtreiberin wurde wegen Abtreibung und fahrlassiger Totung 
gerichtlich belangt. 

Die bakteriologischen Untersuchungen begannen am 15. 5.—48; 
es wurde ZEISSLERS (29) Vakuummethode verwendet, als Nahr- 
boden dienten Glykoseblutagarschalen und Leberbriihe- und halb- 
fliissige Agar- und _ halbfliissige Glykoseagarroéhren. Von allen 
Proben wurden direkte Kulturen und solche nach fraktionierter 
Erhitzung auf + 100° C gemacht. Die Zeit des Erhitzens schwankte 
von einigen bis 15 Minuten. 

Nach 3 Tagen bemerkte man bei den direkten Kulturen Gram- 
positive Gruppen- und Kettenkokken, wie auch grosse Gram-posi- 
tive Stabchen, die sich spater als aérobe, eventuell zur Vaginal- 
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flora gehérende Bakterien erwiesen. Ausserdem fand man langliche, 
diinne Stabchen, welche gleich den Tetanusbazillen terminal Sporen 
bildeten. Die Sporen waren rund und bedeutend dicker als die 
Stabchen. Bei den Kulturen aus erhitzten Proben war der Befund 
zum Teil der gleiche, zum Teil nur ein Bruchteil desselben. 

Mit halbfliissigen Agarkulturen wurden an 2 Meerschweinchen- 
paaren folgende Proben gemacht: vom einem Paar erhielt jedes 
Tier a 0.5 cm? einer 3 Tage alten Kultur, die morphologisch Teta- 
nusbazillen Ahnliche Stabchen enthielt. Ein Tier ausserdem 600 
Einheiten, oder 1 cm? Tetanusantitoxin. Mit dem anderen Meer- 
schweinchenpaar wurde dieselbe Probe gemacht, nachdem die- 
selbe Kultur 10 Minuten lang durch heisses Wasser auf + 80° C 
erwarmt worden war. Injiziert wurde intraperitoneal. 

Die Versuchstiere des ersten Paares Starben beide nach 26 
Stunden, ohne dass Tetanussymptome bemerkt wurden. Offenbar 
war der Tod durch andere in der Kultur enthaltene Bakterien, 
zunachst durch Strepto- und Staphylokokken, verursacht worden. 

Vom zweiten Meerschweinchenpaar starb das eine nach 46 
Stunden, wahrend das Meerschweinchen, welches Antitoxin erhal- 
ten hatte, noch nach 1 Monat ganz munter war. 

Durch weitere Kultivierung von erhitzten halbfliissigen Agar- 
kulturen gelangte man zur reinen Kultur, deren Stabchen, die 
nach 48 und 72 Stunden Sporen bildeten, morphologisch vollstan- 
dig dem Cl. Tetani entsprachen. Mit dieser Kultur wurden weitere 
Versuche an einem Mausepaar unternommen. Zunachst erhielt 
jedes Tiere 0.1 cm? einer 3 Tage alten Kultur, eines davon ausser- 
dem 0.1 cm? oder 60 Einheiten Tetanus-antitoxin. Schon nach 2 
Stunden erkrankte eine Maus und starb 16 Stunden spater an 
Krampfen. Diejenige Maus, die Antitoxin erhalten hatte, war 6 
Tage lang munter, starb aber dann am siebenten Tage, allerdings 
ohne Krampfe. Dieser Versuch wurde an drei weiteren Mause- 
paaren wiederholt. 3 Mause starben nach 21 Stunden an Krampfen, 
wahrend diejenigen, die Antitoxin bekommen hatten, noch nach 
einer Woche ganz munter waren. . 

Die obenerwahnten Tierversuche wurden mit Kulturen aus der 
Milzprobe gemacht. Da die Milz und der Uterus in ein und demsel- 
ben Glasgefass verschickt worden waren, kann man natiirlich nicht 
mit Sicherheit sagen, ob erstere schon beim Absenden Tetanus- 
bazillen enthielt, aber es ist sehr wahrscheinlich, da auch in der 
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Blutprobe Bazillen vom Tetanustypus gefunden wurden. Im 
Obduktionsmaterial haben REINHARDT u. Assim (13), und KGHNAU 
(7) schon friiher Tetanusbazillen u.a. im Blut, in der Leber, der 
Milz, den Nieren und den Lymphdriisen festgestellt. 

Obgleich in dem oben beschriebenen Falle die Obduktion erst 7 
Tage nach dem Tode ausgefiihrt wurde, handelt es sich meiner 
Ansicht nach offensichtlich um einen durch exogene Tetanusinfek- 
tion verursachten letalen Ausgang. Dies bestatigen tibereinstim- 
mend sowohl das klinische Krankheitsbild als die bakteriologische 
Untersuchung. 


RESUME 


Ayant étudié environ 20 cas d’avortement criminel suivi du 
tétanos mentionnés dans la littérature médicale, l’auteur donne 
un bref apercu des procédés d’avortements criminels et de l’infec- 
tion qui s’en suit, dresse le tableau clinique du tétanos et traite 
des méthodes et des résultats du traitement. Ensuite il présente un 
cas d’avortement criminel suivi du tétanos a issue mortelle, ot: l’on 
a pu, en employant la méthode ZEISSLER, constater les bacilles 
de tétanos dans le sang, dans la rate et dans la matrice, démontrer 
qu’ils sont pathogéniques pour les cobayes et les souris, et les obte- 
nir en culture pure. 
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SUBGROUPS A,, A,, AND A,B, A,B AND THEIR RELATION 
TO HEMAGGLUTININS PRESENT IN SEEDS OF 
CYTISUS SESSILIFOLIUS 


By 
ROLF KOULUMIES 


(Received for publication July 11, 1949) 


On the basis of observations made by K. O. Renkonen (2), 
according to which certain seed extracts contain anti-A, aggluti- 
nins and certain others anti-O (anti-A,) agglutinins, Koulumies (1) 
has in a previous publication demonstrated that saline extract 
made of Vicia cracca seeds is as suitable as absorbed anti-A, sera 
for differentiation of subgroups A,, A, and A,B, A,B. 

The object of the present investigation is to study the suitability 
of saline extracts from seeds of Cytisus sessilifolius, for differentia- 
tion of the above mentioned subgroups. Renkonen (2) found Cyti- 
sus sessilifolius to contain anti-O agglutinins. 


MATERIAL AND METHOD 


The blood cells were obtained from the local Blood Service 
Center. The blood cells were taken in citrate blood and washed 
twice with saline. Only fresh blood cells were used. 

The differentiation of subgroups was made by the method 
described in the previous paper (1). 

The extract of Cytisus sessilifolius was prepared as follows: 

The seeds were powdered by hand in a mortar. The extract 
was made of one part of seed powder to nine parts saline and kept 
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for two hours at 37° C. After centrifugation supernatant was used 
in agglutination tests with saline as a diluent. 

The test was made by pipetting 0.1 ml of extract dilution and 
0.1 ml of 2 per cent cell suspension into test tubes, which were 
kept for two hours at room temperature. The results were deter- 
mined by the naked eye. 

This reaction differs from those carried out with Vicia Cracca 
only in that the dilution began at 1: 10 and that the time of reac- 
tion was two hours, as against 1: 100 and one hour in the case of 
Vicia, depending on the relatively weaker reaction of the Cytisus. 
The results were controlled through titrating every time standard 
A, and 0 cells. 


RESULTS 


Subgroups. — A total of 100 specimens of blood group A cases 
were examined and found to belong to different subgroups as 
follows: 72 were certain A, cases in which the reaction to anti A, 
serum was clearly positive (+-+-+ or ++) and to anti-O serum 
negative (—). 25 blood samples were certain A, cases in which the 
reaction to anti A, serum was fully negative (—) and which gave a 
clearly positive (+-+-+ or +-+) reaction to the anti-O serum. 
The remaining 3 specimens reacted in a different way, viz.: 

In the case of A. H. the cells were not agglutinated with either 
anti-A,, or anti-O serum and gave the absorbtion curve shown in 
Fig. 1 (indicating a close relation to the control curve of A,). 

Neither did case K. H. react to anti-A, and anti-O sera. 
The absorption curve appears in Fig. 2 (and corresponds to the 
control curve of Ag). 


Fig 3 


























Absorption Vol. 











SUBGROUPS Aj, As, AND A,B, AgB AND THEIR RELATION TO ETC. 187 
















































































d TABLE 1 
d TITRATION OF CYTISUS SESSILIFOLIUS EXTRACT 
° Number of Cases in Each Group 
= Extract 
Diluti » Intermediates» 
Dilution A, A, n ir iates AB A,B 0 
a | 
» > 1:10 72 : 35 15 
f 1:10 
. 1:20 1 
| = om -—— 7 
1:40 4 1 2 
1:80 10 5 
1:160 9 12 
1:320 1 6 
; 
. Totals i | 25 3 | 35 | 15 25 
> 
1 
j TABLE 2 
: TITRATIONS OF A CELLS WITH VICIA CRACCA EXTRACT 
Ditetiee of Number of Cases 
Viela extract A, | A, | »Intermediates» A 
> 1:100 20 
1:100 3 2 
1:200 1 
1:400 1 
1:800 1 
1:1600 18 
1:3200 39 
1:6400 PS 
Totals 72 | 25 3° 
i Case L. N. gave a weak (+) reaction to anti-A, serum and a 
A, nearly as weak (+) reaction to anti-O serum. Its absorbtion curve 
is given Fig. 3 (and is between the A, and A, curves). 
13 — Ann. Med. Exper. Fenn. Vol. 27. Fase. 3. 
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A total of 50 samples belonging to blood group AB were exa- 
mined. 35 of these were of subgroup A, B and 15 of subgroup A,B. 
No cases of »Intermediates» were found. 

Titration with Seed Extract. — The agglutination of red ceils 
caused by Cytisus sessilifolius extract proved much weaker than 
the corresponding reaction to the Vicia Cracca extract. While 
the Vicia titre rose to several thousands, the agglutination of 
Cytisus remained at the level of some hundreds. Furthermore, the 
Cytisus reaction was so much slower that it was necessary to keep 
the test tubes at room temperature for two hours in order to obtain 
a distinct reaction. As Cytisus titre we took the greatest dilution 
giving a positive reaction. Results are illustrated in Table 1. 

A,-cases reacted to the Cytisus extract like O-cells but a little 
weaker (Table 1). The Vicia titres of the same A, cases are 
illustrated in Table 2. 

None of the A, cells examined reacted to the Cytisus extract. 
Their titre, evaluated on a basis of strong reaction on Vicia cracca, 
are illustrated in Table 2. 

The AB group, too, was negative in its totality. Not even a 
weak reaction to Cytisus extract could be found in the 35 A,B and 
the 15 A,B cases examined. 

Intermediates A-cases: Both A. H. and K. H. reacted with 
Vicia 1: 100 but their reaction to Cytisus was fully negative. In 
the third case, L. N., the Cytisus titre was 1:40. The Vicia 
titre was 1: 800 in this case. 

To sum up it seems that differentiation of subgroups A, 
and A, can be done with saline extract of Cytisus sessilifolius 
seeds as well as with anti-O serum. In the three exceptional 
cases, in which conclusive results could not be obtained with 
anti-A, and anti-0 serum, the results with seed extract also remained 


inconclusive. 
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In the investigation (1) in which I compared the albumin- and 
globulin fraction values of the serum protein obtained by the 
Na,SO, precipitation method to those obtained by the methanol 
precipitation method, the results were concordant with the deter- 
minations carried out by Pillemer and Hutchinson (6). These 
show that the Na,SO, precipitation method, which is in common 
use in clinical practice, gives considerably higher albumin values 
than the methanol precipitation method, which according to 
Pillemer and Hutchinson gives values equivalent to those obtained 
by the electrophoretic method. Thus the figures representing the 
albumin and globulin fractions of the serum protein obtained 
by the Na,SO, precipitation method which are to be found in the 
literature do not seem to be the real values of the albumin and 
globulin fractions. 

In this investigation I have carried out the determinations by 
the methanol precipitation method on the serum of forty normal 


women, 
The material of this investigation consisted of the controls 


for my investigation of the proportion of the albumin and 
globulin fractions in pregnant women. This investigation will be 
published later. The subjects were clinically healthy nurses from 
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TABLE 
Tot. Prot. Alb, Glob. WIG Non-prot. 
fs oe we . N of Ser. 

1 7.310 4,360 2.950 1.470 30 | 

2 7.600 4,152 3.448 1.175 30 

3 8.212 4.818 3.394 1.410 30 

4 7.460 atie 3.688 1.025 30 

5 7.145 3.590 3.555 1.012 30 

6 7.005 3.662 3.342 1.096 30 | 

7 8.002 4,642 3.360 1.381 30 | 

8 8.387 4.355 4.032 1.080 30 

9 8.265 4.660 3.605 1.292 30 

10 7.090 4.065 3.035 1.339 30 

11 7.642 4.597 3.045 1.509 26 

12 7.397 3.617 3.780 0.956 26 

13 7.417 4,250 3.167 1.342 34 

14 7.015 3.777 3.238 1.166 34 

15 7.460 4.057 3.402 1.192 30 

16 7.617 3.670 3.947 0.929 30 

17 7.005 4.142 2.862 1.447 30 

18 7.495 4.520 2.975 i.a22 30 

19 7.512 4.034 3.478 1.159 30 

20 8.002 4.509 3.493 1.290 30 

ed | 6.760 4.226 2.004 1.668 30 

22 6.970 4.192 — 2.778 1.509 30 

23 * 7.460 4.205 3.255 1.292 30 

24 8.108 5.220 2.888 1.807 30 

25 7.915 4.170 3.745 _ 1.114 30 

26 7.635 4.463 3.172 1.408 30 

27 8.073 3.488 4.385 0.760 30 

28 i200 4,234 2.999 1.412 30 

29 7.418 4.409 3.009 1.465 34 

30 7.565 4.398 3.168 1.388 30 

31 7.000 4.363 2.993 1.458 30 

32 6.935 4.188 2.747 1.525 30 

33 6.568 3.260 3.208 1.016 30 

34 7.600 4.328 Sele 1.322 30 

30 7.443 3.838 3.605 1.064 30 

36 7.785 4.674 3.111 1.506 34 

37 7.093 4.066 3.028 1.344 30 

38 8.060 4.503 3.557 1.266 30 

39 7.688 3.742 3.947 0.949 30 

40 7.698 4.393 3.305 1.333 34 
Mean 7.332 4.190 3.318 1.285 30,3 
Stand Dev. 0.459 0.395 0.606 
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the Women’s Clinic and members of the laboratory staff in the 
Department of Serology and Bacteriology, aged about 20—35 
years. In one case the albumin — globulin proportion was 0.677, 
which was lower than in any other case. The nonprotein nitrogen 
was 60. Physical examination showed that this nurse suffered 
from nephropathy, so the case was excluded from this series. 

Here are some values obtained by the neutral salt precipitation 
method which are commonly found in the literature: 


Alb. % Glob. % A/G 
a ee ee 4.6—6.7 1.2—2.3 
Kxolmer and Boerner (4) .. 4.0—5.0 2.0—2.5 1.5—2.5: 1 
ee ee eee 4.0—5.3 1.8—3.0 1.7:1—3:1 


Women’s albumin and globulin values in the literature are 
usually slightly differing from men’s. Thus, for instance, according 
to Rinehart (1945) (neutral salt precipitation): 


Alb. % Glob. % 
Women ...... 4.7—5.2 1.5—2.4 
ee 4.0—5.8 1.6—3.8 


The following mean values (neutral salt precipitation) obtained 
only on normal women may still be mentioned: 
Alb. % Glob. % A/G 
ee 3.95 2.89 
Moller-Christensen etc. (5) 4,67 2.49 1.94 


My investigation gave the following results: 


Alb. % Glob. % A/G 
3.260—4.818 2.534—4.385 0.760—1.807 
Mean value .... 4.190 3.318 1.285 


The proportion of the albumin and_ globulin fractions 
obtained by the methanol precipitation, when compared to the 
proportions given above (neutral salt precipitation), is found to 
be much lower. 
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SUMMARY 


The proportion of the albumin and globulin fractions has 
been determined by the methanol precipitation method on forty 
normal women aged 20—35. The result of this investigation is 
that the proportion is considerably lower than in those reported 
cases which have been examined by neutral salt precipitation. 
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DETERMINATION OF THE ALBUMIN AND GLOBULIN 
CONTENTS OF HUMAN SERUM BY PILLEMER AND 
HUTCHINSON’S METHANOL PRECIPITATION 


A METHODICAL STUDY 


By 
ANNA-LIISA ALHA 


(Received for publication August 9, 1949) 


I have carried out investigations on the albumin and globulin 
fractions of the blood serum in women, using the methanol preci- 
pitation of Pillemer and Hutchinson (3). 

In this work I examined the accuracy of the method. 

I used three women as subjects. 

I carried out 10 parallel determinations on each subject in 
the way described in my earlier article (1, 2). As the object of the 
investigation was to examine the differences caused by the 
technique in the routine determination, these determinations were 
carried out in the connection of other investigations. 

In each case the mean value and the standard error of the mean 
value was determined by means of the probability calculus 
presented on the following page. 

The following tables give a summary of all three cases. 

The results show that the standard errors of the mean values 
do not differ greatly from one another. 

In the tables showing the parallel determinations some results 
have been underlined. There are two underlined determinations 
in cases 1 and 2, and 3 in case 3. 

These cases apparently show a greater technical error than 
usual, for they do not fall inside the values which according to 
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No. of Parall. . : Ee 
Det. Le 2s se Oo 6 1 8. 9. 10. 
Tot. prot. %....| 7-425 | 7.268 | 7.250 | 7.163 | 7.215 | 7.250 | 7.110 | 7.163 | 7.355 | 7.180 
ee 4.678 | 4.653 | 4.623 | 4-450 | 4.653 | 4.625 | 4.660 | 4.538 | 4.678 | 4.625 
GIGD: 9S. causes 2.747 | 2.615 | 2.627 | 2.713 | 2.562 | 2.625 | 2.450 | 2.625 | 2.677 | 2.565 
AID /GIOD S605: 1.703 | 1.778 | 1.759 | 1.640 | 1.815 | 1.762 | 1.900 | 1.729 | 1.747 | 1.803 
CASE 2. (JUNI 1949) NON-PROT. N OF SER. 30 MG PER CENT. 
ie 2. s os 6. 7 8. 9, 10. 
Tot. prot. %.. 7.985 | 7.950 | 8.020 | 7.963 | 8.156 | 8.050 | 8.106 | 7.963 | 7.985 | 8.125 
3) 1a AA eee 4.643 | 4.450 | 4.643 | 4.678 | 4.643 | 4.695 | 4.660 | 4.550 | 4.713 | 4.695 
Glob. % ....<. 33042) | 3.500 |°3:377 | 32285 | 3:593°| 35355: | 3.446"| 3413 | 3.2731. 3.430 
‘Ath. /Glob: ... << 1.389 | 1.271 | 1.375 | 1.424 | 1.350 | 1.399 | 1.352 | 1.333 | 1.439 | 1.369 
CASE 3. (JULI 1949) NON-PROT. N OF SER. 30 MG PER CENT. 
1. a se 5m 6 ve 9, 10. 
Tot. prot. %....| 5.863 | 5.763 | 5.675 5.881 | 5.790 | 5.706 | 5.688 | 5.638 | 5.675 | 5.790 
UD CORI cscierartin ake 3.019 | 3.313 1 3.413 | 3.363 | 3.344 | 3.275 | 3.225 | 3.256'| 3.225] 3.313 
GIODs YG .063%: 2.344 | 2.450 | 2.262 | 2.518 | 2.446 | 2.431 | 2.463 | 2.382 | 2.450 | 2.477 
AUD: (GIO saec<:. 1.459 | 1.352 | 1.509 | 1.336 | 1.367 | 1.347 | 1.309 | 1.367 | 1.316 | 1.333 
Tot. prot. % Alb. % Glob. % Alb./Glob 
Cases} mean |standard| mean |standard| mean |standard mean 
value error value error value error value 
1. 7.238 0.030 4.618 0.023 2.620 0.038 1.764 
i 8.030 0.023 4.637 0.024 3.393 0.038 1.370 
3% 5.747 0.026 3325 0.029 2.422 0.040 1.370 
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the probability calculus would be limit values. If we suppose 
that all values fall inside the limits mean value + 3 x the standard 
error of the mean value, which limits in case 1 for the total protein 
were (7.238 + 3 x 0.03 %) 7.148—7.328, the value 7.425 of the 
total protein obtained in case 1 is beyond these limits. 
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Fructose is normally present in the animal body as a com- 
ponent of several compounds. Free fructose, however, does not 
occur in significant amounts in the blood of adult mammals. When 
administered to them, fructose rapidly disappears from the circu- 
lation; only if the liver has been damaged, the disappearance of 
fructose is delayed. 

During the foetal life of some mammalian species fructose, how- 
ever, is a normal component of the blood sugar. Bacon & Bell (3) 
were able to isolate and to identify fructose in the foetal blood of 
sheep. Partridge (16) showed with chromatographic methods that 
fructose, glucose and inositol are the only sugars of foetal sheep 
blood; of these inositol is non-reducing, and not included in the 
usual sugar determinations. Cole & Hitchcock (7) and Hitch- 
cock (10) have determined the glucose and fructose concentration 
in the blood of sheep foetuses at various ages. Whereas the maternal 
circulation of the pregnant ewe contained practically no fructose, 
a great proportion of the foetal blood sugar — often more than half 
— was fructose. The level of fructose in the foetal blood was found to 
fall towards term and that of glucose to rise from a low level to 
one normal for the maternal blood. It was also demonstrated that 
the maternal blood traversing the placenta losed glucose and that 
the foetal blood correspondingly gained approximately an equal 
amount of it. The figures for the fructose level in the umbilical 
vessels were not consistent, and one could not judge whether there 
was any fructose gradient from the placenta towards the foetus or 
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in the opposite direction. Within the first hours after delivery, the 
fructose disappeared from the blood. 

The results of these previous investigations were a stimulus for 
further studies. The following problems were considered: Is the 
fructose a substance actively utilised by the foetal organism or is the 
foetus incapable to deal with this physiological sugar which in 
adult organism rarely accumulates to measurable concentrations? 
No information on this point was found in the literature. In the 
present work, this question was approached experimentally by 
using fructose and glucose tolerance tests. Secondly, where from the 
fructose comes to the foetal blood? In order to study this question, 
Hitchcock (11) has carried out a number of incubation experiments 
with pieces of placenta and foetal liver and lung. In these experi- 
ments, occasionally the fructose concentration of foetal lung 
increased slightly on incubation, but this finding was not constant. 
In the present work an attempt was made to investigate the rdle 
of lung and placenta in the fructose metabolism more or less in situ. 


MATERIAL AND METHODS 


Sheep of the standard Finnish breed were used as experimental 
animals. This breed differs from the Welsh sheep — the breed 
mainly used by the Cambridge school of the late Sir Joseph Bar- 
croft — by having generally twin instead of single pregnancies. 
The exact dates of the tupping were not known. The approximate 
foetal ages were estimated by using the age-length graph given by 
Barcroft (4) for his series. 

The ewes were anaesthetized with Nembutal’ or with a 10 or 
20 per cent solution of Na-diaethylbarbiturate. The latter anaes- 
thetic was used in lack of ’Nembutal’, on the suggestion of Var- 
tiainen (22), and it proved a fairly satisfactory anaesthetic for the 
tolerance experiments, as its action lasted longer than that of 
"Nembutal’. The dose was adjusted by administering slowly the 
anaesthetic intravenously. In order to lengthen the action of 
"Nembutal’ a depot of a few cc. of it was often injected subcuta- 
neously or intramuscularly, and again repeatedly during long 
experiments. Both anaesthetics increased the blood sugar of the 
mother, but most often only moderately, as shown in the examples 
given in Table I. 




















THE FRUCTOSE OF SHEEP FOETAL 
TABLE I 


MATERNAL VENOUS BLOOD SUGAR DURING 


BLOOD 199 


ANAESTHESIA 











i | 
: at aio Rare ane Total Blood 
Number Time Anaesthetic Sugar Mg Per Cent 
H 4 10.10 18 
10.12 Nembutal 
10.55 19 
12.05 59 
H 6 10.25 46 
10.30 Na-diaethylbarbiturate 
11.15 81 
11.42 71 
H 9 12.16 60 
12.20 Na-diaethylbarbiturate 
12.45 67 
13.14 rh 
14.00 76 
H 11 10.07 61 
10.10 Na-diaethylbarbiturate 
10.54 67 
H 26 11.30 43 
11.35 Nembutal 
12.10 67 
12.50 80 
H 27 11.15 41 
11.18 Nembutal 
11.23 39 
12.15 41 




















A caesarean section was performed on the sheep in a thermo- 
static 0.9 per cent NaCl bath of a special design, at +38° C. (The 
bath was made by Messrs. Merivaara Oy, Helsinki, and the appa- 
ratus for the thermostatic control was installed by Messrs. Santa- 
salo-Sohlberg Oy Ab, Helsinki.) The foetuses were delivered into 


the bath, where they remained in life and in 


connection with the 


placental circulation throughout the experiment. Blood samples 
were taken from the umbilical veins. In old foetuses, these con- 


tracted very easily. In order to avoid this, 


samples were some- 
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times taken through a cardiac punction. Treating the umbilical 
cord with 40 per cent formaldehyde (12) was also found effective 
for avoiding the contraction of the vessels on puncture. 

For sugar determinations, the deproteinisation of the blood was 
performed with the cadmium precipitation (9). The total sugar was 
determined in the protein-free filtrate according to Somogyi (21), 
From the sheep No. H 21 onwards this method was used in combi- 
nation with Nelson’s (15) colour reagent, making the readings with 
a Coleman electrical spectrophotometer, at 5,200 A. Some batches 
of the Somogyi reagent gave higher reduction values with fructose 
than with glucose; therefore, both glucose and fructose were always 
used as standards. The special advantage of using Somogyi’s 
method on blood is, that it has been shown to indicate the fer- 
mentable substance only. This was ascertained also on some 
samples of foetal sheep blood. (Method: see (13). The results of the 
fermentation experiments are shown in Table II. When any resi- 
dual reduction remained after the fermentation, it was evidently 
due to the yeast, as the reduction was present also in the controls. 











TABLE II 
THE RESULTS OF FERMENTATION EXPERIMENTS ON SHEEP FOETAL BLOOD 
Total Re- 
Number of ying : Fructose 
Sheep ae Mg Per Cent 
Mg Per cent 
Hexose 

H 8 Blood 201 170 
Blood + yeast 19 0 
Distilled water + yeast 21 0 
100 mg per cent fructose + yeast 18 0 
H7a Blood 190 148 
Blood + yeast 0 0 
b Blood 165 116 
Blood + yeast 0 0 
H 6a Blood 110 80 
Blood + yeast BO 0 
b Blood 245 150 
Blood + yeast 5.5 0 
100 mg per cent fructose + yeast 3.2 0 




















oe 











fic 
of 
by 
th 
4, 


for 
Th 


aft 
tio 


glu 
val 


the 
diss 
fron 
disé 
cor 
per! 
| 
tole 
fig. 
wer 
rate 
ner 
mo\ 
bloo 
abov 


hou 
68, ( 
pre-¢ 


( 





i! 


J 
& 


is oss 














THE FRUCTOSE OF SHEEP FOETAL BLOOD 201 


The fructose concentration was estimated with Cole’s (6) modi- 
fication of Roe’s (19) colorimetric method. The essential features 
of this method have been published by Bacon and Bell (2) and 
by Karvonen and Somersalo (13). From the sheep No. H 21 onwards 
the readings were made with a Coleman spectrophotometer, at 
4,700 A, instead of the stufenphotometer previously used. The 
sugar analyses were performed on a ’macro’ scale, using 1 cc. blood 
for the complete determination. These were made in duplicate. 
The difference between the total sugar and fructose concentrations 
is expressed as glucose. This is justified because there remained 
after the yeast fermentation experiments no more residual reduc- 
tion in the blood than in the controls. 


RESULTS 


Normal Fructose Levels. — The values for the fructose and 
glucose levels in foetal blood are presented in Table III. These 
values conform in general with those reported by Hitchcock (10). 

Fructose and Glucose Tolerance Tests. — For finding out, whether 
the foetus is capable of disposing of fructose or glucose att all, the 
disappearance of intravenously injected fructose and glucose 


| from the foetal blood was followed. In order to compare the rate of 
disappearance of the sugars from the foetal circulation with the 
' corresponding rate during the post-natal life, tolerance tests were 


performed also on adult sheep and on young lambs. 

(a) Adult sheep. Altogether three fructose and three glucose 
tolerance tests were made on five ewes. Their results are shown in 
fig. 1 and 2. The dose used was 1.0 g per kg body weight. The sugars 
were injected into the jugular vein, as a 20 per cent solution. If the 
rate of the injection was too rapid, the sheep exhibited central 
nervous system symptoms, got excited and made incoordinated 
movements of the neck. The symptoms passed in a few minutes. 

In the glucose experiments, one hour after the injection the 
blood glucose level was on an average 181 mg per cent (176, 184, 184) 
above the starting values. In the fructose tolerance tests, after one 
hour the fructose level was correspondingly 69 mg per cent (79, 
68, 61) and the glucose level 68 mg per cent (114, 62, 28) above the 
pre-experimental level. 

(b) Foetuses. Six foetuses were used for fructose and three for 
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TABLE III 
THE ESTIMATED AGES OF THE FOETUSES. THE BASAL FRUCTOSE AND GLUCOSE 














VALUES 
No. of Number of Estimated Fructose | Glucose 
Ewes Foetuses Age Days | Mg Per Cent} Mg Per Cent 

Meee: shtcadnase 3 49 133 2 
SE i hii eons 2 69 148 20 
Di Ae eee 143 7 

§ | OS eae 1 105 42 38 
FEE oes sisecien 2 105 68 53 
AD ep ints Bere v2 48 
CIGAR ease b ale 3 106 67 37 
i eae e Eee 52 30 

Ry Sk essen. 54 38 
PARNER oes Sates 2 110 30 39 
21 48 

RIGOR: 4.nbne noose 2 110 60 34 
Oe Pree 93 ol 
eGR Gactcouemd 2 113 80 52 
Bo See ewsckee 84 38 
AMER focueeueun 2 121 65 59 
DF svcieincun 59 92 
ae <ckisieund 1 123 140 62 
_E GO | Rea epee ee 1 125 62 40 























glucose tolerance experiments. The results of these experiments 
are shown in fig. 3 and 4. In two cases (sheep No. H7 and H 25) 
a fructose and a glucose experiment was performed simultaneously 
on twins. In one of the experiments (sheep No. H 6) one of twins 
was given a fructose tolerance test, and the blood sugars of its 
twin were followed as a control; they kept fairly constant, and 
there was only a slow rise of glucose from 59 to 77 mg per cent 
during 114 h. The dose used was estimated to equal 1 g of sugar per 
kg foetal body weight. 
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— Fructose tolerance tests on three adult sheep. 
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Fig. 2. — Glucose tolerance tests on three adult sheep. 
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lig. 3. — Fructose tolerance tests on six sheep foetuses. The foetal ages: H 


10—110 days, H 25 b—110 d., H 7a—113 d., H 6 a—121 d., H 8—123 d., H 
11—125 d. 
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Fig. 4. — Glucose tolerance tests on three sheep foetuses. The foetal ages: 
H 9—105 days, H 25 a—110 d., H 7 b—113 d. © 
Blood fructose: x x 
Blood glucose: o o 
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One hour after the injection, the fructose tests showed the 
following situation: the fructose level was on an average 63 mg per 
cent (77, 52, 57, 86, 47) above the starting level, and the glucose 
had risen on an average by 28 mg per cent (1, 29, 37, 54, 18). In 
the glucose experiments the corresponding figures are: glucose 12 
mg per cent (9, 14, and 13: by extrapolation) above the pre-experi- 




















mg lo 
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2007 
lOoO7 
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3h. 
Fig. 5. — Fructose tolerance tests on two young lambs. 
H 14 0.5 g/kg body weight administered at the age of 6 days. 
H 14 1.0 g/kg body weight administered at the age of 13 days. 
H 28 1.0 g/kg body weight administered at the age of 35 days. 
Blood fructose: x x 
Blood glucose: o—-——o 


mental level, and an average rise of fructose by 17 mg per cent 
(11, 24, and 17: by extrapolation). 

A comparison of the maternal and foetal fructose tolerance tests 
shows, that the extra fructose disappeared with the same rate from 
both the adult and foetal circulation, whereas the consequent rise of 
glucose was less in the foetuses. In the glucose tests, the glucose dis- 
appeared very rapidly indeed from the foetal circulation; in the foetus 
the fructose level rose slightly, but no fructose appeared in the adult 
blood. 

(c) Young lambs. Three fructose tolerance tests were performed 
on two young lambs. Their results are shown in fig. 5. The fall of 
the fructose level seems to be more rapid than in adult animals: 
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after one hour the fructose level was 26, 34 and 6 mg per cent, and 
the glucose level was already 24, 2 and 52 mg per cent below the 
starting level. No further experiments were performed on lambs, 
as it was felt that they would hardly serve to elucidate the present 
problems. 

Lung. — The fairly rapid disappearance of injected extra fruc- 
tose from the foetal circulation made it probable that the normal 
fructose of the foetal blood is produced — in some part of the foetal 
organism — at a rate considerably in excess of the corresponding 
production during the post-natal life. The rapid loss of fructose 
after delivery indicates that there occurs at birth a radical change 
in the conditions of the fructose production. In a search for a site 
responsible for the fructose production several possibilities come 
into question. First, the whole foetus experiences a radical improve- 
ment of its oxygen supply. In the lungs the rise of the oxygen 
pressure is probably more marked than in any other organ. Second, 
the foetus loses a big and important organ, the placenta. And third, 
with the occlusion of the ductus venosus the circulatory conditions 
of the liver change also considerably. These alterations perhaps are 
the most obvious ones to be investigated when attempting to find 
the site of the fructose formation. 

In the present study, the rdle of the lungs was investigated by 
excluding them from the circulation. This was performed in an 
experiment on triplets (No. H 4), 106 days old. The chest of two of 
the foetuses was opened on both sides and the sternum with parts 
of the ribs was removed. The edges of the opening were compressed 
with big clamps, in order to prevent bleeding. Thereafter a strong 
ligature was brought round the hilus of each lung and the lungs 
were tied up firmly. In order to control that the closure of the 
pulmonary circulation had been effective, the lungs were cut away. 
In the first foetus, the operation led to an uncontrolled bleeding and 
the animal soon died. However, the state of the second foetus 
remained satisfactory for about an hour after the operation. The 
third foetus was kept as a non-operated control. 

The results of the sugar analyses are given in Table IV. No 
significant change in the blood sugar levels occurred. The results 
of this experiment, therefore, indicate that the foetal lung is not 
essential either for the production or for the utilisation of blood 
fructose. 
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TABLE IV 


RESULTS OF AN EXPERIMENT IN WHICH THE LUNGS OF A FOETUS (H 4 B) WERE 
EXCLUDED FROM THE CIRCULATION 





























| i Blood | psc re 

Time Sugar Mg oe cng 
| Pew Caskt Mg Per Cent |Mg Per Cent 
Foetus b, operated upon 

11.01 | 82 | 52 30 

| 11.18 |The lungs are ligated 

| 11.30 96 61 35 

| 11.54 115 62 a3 

| 12.08 | 103 55 | 18 

| , Foetus c, control 
11.02 92 o4 38 

| 11.18 | | 103 | a8 | 15 

| 11.30 | | 103 | 53 | 50 

| 11.47 99 53 | 16 





Placenta, — After the ligation of the cord, the foetal blood in 
the placental vascular bed does not clot for a considerable time. It 
remains there under the tonic pressure of the contracting umbilical 
and placental vessels. Samples of it can be taken easily after the 
ligation. 

Under these conditions, the composition of the placental blood 
did not remain constant. When successive samples were taken, 
a notable decrease in the haemoglobin concentration took place. 
At the same time the samples had the bright colour of oxygenated 
blood. This suggests that both fluid and oxygen penetrated from the 
maternal side to the separated foetal vascular bed. 

The sugars of such samples were analysed, and the results of 
the analyses are compiled in Table V. They show that the concen- 
tration of fructose did not fall in proportion to the drop in haemo- 
globin, or that it sometimes even rose in the separated vascular bed. 

In Hitchcock’s (10) series, there was an equivocal glucose 
gradient both in the uterine and in the umbilical vessels indi- 
cating a substantial transfer of glucose to the foetus. At the same 
time, however, the corresponding figures for fructose varied irre- 
gularly, and the average gradient in the umbilical vessels was 
practically zero. In the uterine vessels the fructose gradients were 


very small if any at all; the direction of the gradient was in three 
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TABLE V 
BLOOD FRUCTOSE, GLUCOSE, AND HAEMOGLOBIN CONCENTRATION IN THE SEPA- 
RATED PLACENTAL VASCULAR BED 














No. of} 7; Fructose Glucose 

Sheep pane Mg Per Cent|Mg Per Cent pe GASP on 

H 8 | 12.49 !On tying the cord 145 105 5.25 
13.08 143 57 6.6 
13.30 163 60 1.2 

H 9 | 14.30 |On tying the cord 97 39 4.5 
14.55 97 50 1.35 

H 23 | 11.00 |On tying the cord 139 69 3.75° 

120 73 1.2 























cases towards the mother, in one towards the foetus, and in two the 
level in the vein and the artery was the same. 

Hitchcock’s findings were confirmed in the present work. The 
different arterio-venous gradients are shown in Table VI. In 


TABLE VI 
MATERNAL UTERINE AND FOETAL UMBILICAL ARTERIO-VENOUS GRADIENTS 
FOR FRUCTOSE AND GLUCOSE 








Sheep No. H 22| H21 | H23 |H 26a ‘27 in zgoa | 
H 26 b H 25 b'! 
Foetal Age Days 49 52 62 95 98 110 





Fructose: Uterine Artery- 
Uter. Vein, while the 
Foetus is still Attached} —0.8 | +1.0 

Fructose: Uterine Artery- 
Uter. Vein, after the 
Foetus has been Re- 
OWEN Geos sees Gecus o _ +1.1 —2.6 -0.2 —0.8 

Glucose: Uterine Artery- 
Uter. Vein, while the 
Foetus is still Attached} --11 1.8 0.6 41 -4 1.20 

Glucose: Uterine Artery- 
Uter. Vein, while the 
Foetus has been Re- 
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bo 


+0 -~0.6| +0 


cL EA eee ae — — +12 5 111 +2 
Fructose: Umbilical Arte- 
tery-Umbil. Vein ....] — ~ -10 —2) — 3/415 + 9 


Glucose: Umbilical Artery- 
Ginbil. Vein. 5. 66.0% - - 1 
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combination with Hitchcock’s figures, they indicate quite clearly 
the different behaviour of glucose and fructose. 

The foetal fructose and glucose tolerance curves were strikingly 
different. In addition, the demonstration of an equivocal transfer 
of fructose from the foetus to its mother has failed, whereas there 
is no doubt about the leakage of glucose in the opposite direction. 
These findings were a stimulus for an attempt at a direct comparison 
of the permeability of placenta in situ to these two sugars. Two 
experiments were performed. In one of them, fructose (1.25 g/kg 
foetal body weight) was injected into the circulation of a foetus 
(H 29, foetal age 115 days), and samples were taken from the small 
maternal veins coming directly from a cotyledon. Arterial samples 
were also taken from the mother, in order to determine the con- 
centration of sugars in the blood coming to the cotyledon. The 
time interval between these two samples was reduced to a minimum. 
In an analogous experiment glucose (1.3 g/kg foetal body weight) 
was used; the foetus (H 30) was 125 days old. 

In the fructose experiment the foetal fructose level varied 
between 335 and 290 mg per cent, when the cotyledon samples 
were drawn. In the maternal arterial blood the fructose level was, 
of course, near to zero. (There is in the maternal blood some chromo- 
gene, equal to about 5 mg per cent fructose, when the present 
photometric technique is used; this colour reaction, however, is 
only slightly weakened by fermentation, and most of it is therefore 
due to substances other than fructose and glucose. In calculating 
arterio-venous gradients it has been assumed that the unspecific 
components do not affect the true fructose differences in any way.) 
In spite of the great difference between the foetal and maternal 
fructose levels there was only a slight leakage of fructose into the 
vein of the cotyledon. Two samples were taken: in one of them the 
a-v. gradient was + 0, and in the other —4.6 mg per cent. 

In the corresponding glucose experiment one sample was drawn 
9 min. after the injection of the glucose solution. In this sample 
the glucose level in the blood coming from the cotyledon was 11 mg 
per cent above that in the general circulation. Another sample 
was taken 27 min. after the injection; the glucose level in the vein 
of the cotyledon was already 8 mg per cent below the arterial level. 
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DISCUSSION 


The sugar tolerance curves of the adult sheep resemble essentially 
those obtained on man or on the common experimental animals, 
In the fructose tests, the blood fructose level rapidly fell down to 
zero, while the blood glucose showed a considerable, if fairly variable, 
rise. In the glucose tests the decrease of the total blood sugar was 
slower than in the fructose experiments, and no fructose appeared 
in the circulation of the sheep. 

The sheep foetus shows a fructose tolerance curve, which has a simi- 
lar form as that of the adult. The only obvious difference is that 
the foetal fructose curves lie higher up; the basal level is not zero, 
but a much higher one. The consequent rise of the glucose level was, 
however, less than in the fructose experiments on adult sheep. 

In the glucose tolerance tests, the glucose disappeared from 
the foetal circulation much more rapidly than from that of the adult. 
There occurred a slight rise of the blood fructose, but similar rises 
were seen on mere exposure of the foetus. (A slow rise of fructose 
on exposure might also have been due to a rise of the maternal 
blood glucose during the operation?) 

In the interpretation of the foetal tolerance curves two factors 
must be taken into consideration: the utilisation of the sugar by the 
foetus and its leakage through the placenta to the maternal circu- 
lation. There are plenty of data for the permeability of the placenta 
of sheep for glucose, in Hitchcock’s (10), Passmore and Schlossman’s 
(17) and in the present data. The permeability demonstrated has 
been towards the foetus, but there are in the placenta no histolo- 
gical structures that one is used to connect with uni-directional 
permeability. In rabbit and cat the permeability to glucose both 
ways has actually been established (20). Therefore, the most obvious 
explanation for the rapid fall of the glucose tolerance curve would 
be a leakage of glucose through the placenta to the maternal side. 
This assumption also explains, why the rise of glucose in the foetal 
fructose tests remains less than in the adult sheep; the glucose 
crosses the placenta, and therefore the rise in the glucose level is 
relatively small. 

No equivocal transfer of fructose through the placenta has been 
demonstrated in normal conditions. This is the more remarkable, as 
fructose values are based on direct determinations, and those of 
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glucose to a difference between two figures. The actually observed 
permeability for fructose was also quite small, although the fructose 
level on the foetal side was raised until 300 mg per cent. One cannot 
avoid the tentative conclusion that the permeability of placenta for 
fructose is less than for glucose. This conclusion implies further, 
that the different permeability for fructose and glucose can not be 
due to physical factors — the molecules are of the same size — but 
must be accounted for by an active transfer of the sugars, at least 
of glucose. This view agrees well with the conditions of the absorp- 
tion of the different hexoses through the intestinal mucosa: glucose 
is more rapidly absorbed than fructose, thanks to the rapid rate 
of phosphorylation of glucose (8, 23). It is also known that placenta 
is well equipped with phosphatase. ; 

The present interpretation is diametrically opposed to the 
theory of Schlossman (19) and of several other workers (1, 5), 
who regard the passage of glucose through placenta as a purely 
physical process. The presented theory requires, of course, still 
to be substantiated in experiments designed directly for that 
purpose. 

According to this new theory, the disappearance of injected 
fructose from the foetal circulation proceeds essentially through 
a process analogous to the utilisation of fructose by the adult 
animal. The ’spontaneous’ occurrence of fructose in the foetal 
blood suggests that fructose is formed somewhere in the foetal 
organism at a rate considerably above the corresponding rate during 
post-natal life. Therefore, in a fructose tolerance test the foetus 
may possibly be dealing with more fructose than an adult, given 
the same dose per kg body weight. Actually, the few experiments 
on young lambs show a definitely faster disappearance of fructose 
than is observed in the adult sheep. This is in a good agreement 
with the above suggestion: a young lamb would have its high fruc- 
tose tolerance as a legacy from the foetal period. 

When fructose is injected as a hypertonic solution into the 
foetal circulation, it might be expected that a transfer of water 
from mother to foetus across the placenta would tend to equalise 
the osmotic pressures on the both sides. (There is all the reason to 
believe that water can pass through the placenta more easily than 
a molecule as big as fructose.) This transfer of water would lead 
to an immediate drop in the glucose level, followed later on by the 
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usual rise. In only one of the experiments an ‘mmediate drop of the 
glucose level was observed; its occurrence in other experiments can, 
of course, not be definitely excluded. 

In the blood of the foetal sheep, the presence of fructose must 
be ascribed to some special factor or condition connected with the 
foetal life. At the end of the first half of the gestation, fructose 
is by far the main component of the blood sugar, whereas later on 
its level has a tendency to fall. If morphological correlations for 
this tendency are sought for, the analogous development of the 
placenta as compared to the foetus must be considered: the placenta 
grows and develops mainly during the first half of the pregnancy, 
whereas the growth of the foetus itself occurs substantially during 
the second half of the gestation. 

At birth, the foetus soon loses the fructose from its blood. Again, 
the loss of fructose and of placenta occur simultaneously. This 
may be regarded as another piece of indirect evidence for the hypo- 
thesis that placenta is the site of the foetal fructose formation. 

The direct evidence given in the present investigation for this 
hypothesis is meagre and must be taken with some reservation. 
The finding that fluid containing fructose appears in the separated 
placental vascular bed, may not necessarily indicate that the fruc- 
tose is formed in the placenta. First, there might occur a spon- 
taneous separation of cells and plasma in the placental vessels so 
that the plasma would be more readily sampled, thus giving rise 
to relatively high fructose values. This explanation does not seem 
very likely. Second, the fructose might diffuse from the placental 
tissue without, however, being formed there. This objection can 
not be entirely ruled out. It would imply, that fructose is not utilised 
by the placental tissue, but only passively stored there, diffusing 
back into the vessels when the circulation had stopped. 

Another piece of similar direct evidence would be the demonstra- 
tion of a leakage of fructose to the maternal circulation, after the 
removal of the foetus. Three of the figures of Table VI indicate such 
a leakage, whereas in one experiment the gradient was of the oppo- 
site sign. The latter of the above objections concerns also this 
method; the fructose may not be produced in the placenta, even if it 
diffuses to the blood from it. In addition, the arterio-venous gra- 
dient method has its inherent limitations. Both on foetal and 
maternal side the venous samples may not be representative of the 
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total venous blood coming from placenta. A time factor may 
also lead to experimental errors, as the arterial and venous samples 
can not easily be taken exactly at the same time. Still, considering 
all these objections, the available evidence seems to suggest that 
some fructose may be formed in the placenta. Whether placenta is 
the main or sole site of the foetal fructose formation, can not be 
decided on the basis of the present results. 


2 UMMARY 


1. Intravenous glucose and fructose tolerance tests were per- 
formed on adult and foetal sheep and on young lambs. 

2. In the glucose tolerance tests, the glucose level of the foetus 
decreased very much faster than that of the adult sheep. A slight 
rise of blood fructose occurred in the foetus. 

3. In the fructose tolerance tests the return of the fructose 
to the pre-experimental level occurred with the same speed in the 
adult and the foetus. The consequent rise of blood glucose was 
less in the foetus. 

4, In fructose tolerance tests on young lambs the fructose level 
fell faster than in adult and foetal sheep. The consequent rise of 
glucose passed rapidly. 

5. The exclusion of lungs from the foetal circulation did not 
affect the levels of fructose and glucose in blood. 

6. When repeated samples were taken from the separated 
placental vascular bed, the level of fructose did not fall in propor- 
tion to a fall in the haemoglobin concentration. 

7. When samples were taken from the maternal veins of a coty- 
ledon after an injection of fructose or glucose into the foetal cir- 
culation, the results suggested a greater placental permeability for 
glucose than fructose. 

8. All the results agree best with the theory that placenta is 
more permeable for glucose than fructose. 

9. The possible formation of fructose in the placenta is discussed. 
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1.US DEM ANATOMISCHEN INSTITUT DER UNIVERSITAT HELSINKI 


UBER DEN EINFLUSS DER VERBRENNUNG AUF DIE 
FETALEN KNOCHENMASSE 


Von 
ANTTI TELKKA 


(Eingegangen bei der Redaktion am 6. Oktober 1949) 


EINLEITUNG 


Die iiblichste Weise, sich der Leiche einer gesetzwidrig abge- 
triebenen Frucht oder eines ermordeten Kindes zu entledigen, 
diirfte die Verbrennung der Leiche sein. Die verbrannten Knochen, 
die dem Untersucher zur Analysierung g2bracht werden, sind kein 
sehr leichtes Untersuchungsobjekt, und eine wichtige Aufgabe, die 
ungefahre Bestimmung der Grdésse, also des Alters, bereitet oft 
Schwierigkeiten. Da das Alter des Kindes sowie der Umstand, ob 
das Kind lebensfahig gewesen ist oder nicht, in Fallen, wo Ver- 
dacht auf Kindermord besteht oder ein solcher ausgefiihrt worden 
ist, vom juridischen Standpunkt aus wichtige Bedeutung hat, 
diirfte es vielleicht angezeigt sein, auf diese Angelenheit etwas 
niher einzugehen. Friihrer hat Schrader (9) iiber diese Frage auf 
dem gerichtsmedizinischen Kongress zu Breslau eine Mitteilung 
gvemacht. In seiner auf einem Material von 16 Feten basierenden 
Untersuchung behauptet er, dass sich bei der Schatzung des Alters 
auf Grund von verbrannten Knochen mit Hilfe der tiblichen Me- 
thoden ein Fehler von 1—-11%, méoglicherweise sogar 2 Monaten 
ergibt. Untersuchungen tiber diese Frage gibt es also sehr wenig, 
weshalb es am Platze ist, sich naher mit der Sache zu befassen. 


MATERIAL UND TECHNIK 


Das mir zur Verfiigung stehende Material stammte aus dem 
\natomischen Institut und umfasste 20 Feten (12 3 und 8 9) 
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Ihre Scheitel-Fersenlange war durchschnittlich 46.6 cm (V = 40 
—55 cm) und die Scheitel-Steisslange 32.2 cm (V = 27-38 cm). 
Um ein zuverlassiges unverbranntes Vergleichsmaterial zu_be- 
kommen, wurde bei jedem Fetus das eine Gliedmassenpaar vor 
der Verbrennung abgetrennt, und zwar abwechselnd rechts und 
links, dessen Knochen dann als Vergleichsmaterial der anderen 
Seite prapariert und gemessen wurden. Gliedmassen-Asymmetrien 
kommen beim Fetus nicht vor (8), oder sie sind dann sehr gering (6), 
nach Ingelmark (2) bei den verschiedenen Knochen in 85 % unter 
0.1 mm, was praktisch genommen bedeutet, dass sie im Messungs- 
fehler enthalten sind, so dass diese Verfahren zur Erzielung eines 
exakten Vergleichsmaterials berechtigt ist. Untersuchungsobjekte 
waren die langen Gliedmassenknochen,. Humerus, Radius, Ulna, 
Femur, Tibia und Fibula, von welchen die Langenbestimmung 
gewohnlich durchgefiihrt wird. 

Die Verbrennung wurde in einem Zentralheizungsofen bei Holz- 
feuerung vorgenommen, was den »natiirlichen» Verhdaltnissen ent- 
sprechen diirfte. Schrader (9) erwahnt, dass der Umstand, ob Holz-, 
Steinkohlen- oder Mischfeuerung verwendet wird, keinen Ein- 
fluss auf das Resultat habe. Die Verbrennung dauerte ungefahr 
drei Stunden, wonach nur noch die Diaphysen der Knochen 
vorhanden waren. Weitere Feuerung schien nur insofern auf sie 
einzuwirken, als sie noch leichter als friiher zerbrachen. 

Von den Knochen wurden folgende Masse genommen: Die 
grésste Lange (nur von den unverbrannten, weil von den ver- 
brannten Knochen, wie schon erwahnt, die Epiphysen nicht mehr 
vorhanden waren), die Lange der Diaphyse, der Umfang der Dia- 
physenmitte sowie der transversale Durchmesser der Diaphysen- 
mitte (alle Masse nach Martin) (7). 


RESULTATE 


Bei der Betrachtung der verbrannten Knochen liess sich fest- 
stellen, dass der Humerus im allgemeinen am besten erhalten 
blieb, desgleichen das Femur, von welchem jedoch oft Fragmente 
abbrockelten, die Tibia erhielt sich auch ziemlich schén, die Ulna 
kriimmte sich oft, der Radius und die Fibula waren auch recht 
sauber verbrannt, wegen ihrer Zartheit zerbrachen sie aber oft. 
In der folgenden Tabelle sind die durchschnittlichen Veranderungen 
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der Lange aufgefiihrt. Die Messungen sind mit Genauigkeit von 
1 mm ausgefiihrt und die Resultate in Millimeter angegeben. 


TABELLE bi . 
DIE GANZE LANGE UND DIE LANGE DER DIAPHYSE VOR DER VERBRENNUNG, 
DIE DIAPHYSENLANGE NACH DER VERBRENNUNG, DIE DURCH DIE VERBREN- 
NUNG BEDINGTE LANGENVERMINDERUNG IN DER DER DIAPHYSENLANGE IN 




















MM UND “', 
Unverbrannt Verbrannt Unterschied 

Ganze Lange | Diaphys.lange| Diaphys.lange | mm of, 

Humerus: .... 74.6 60.4 56.8 3.0 6.0 

RAVENS) occ 4s jou! 47.1 15.2 1.9 4.0 

MONDAY cchscc eee ec 63.4 36.8 93.8 3.0 az 

Femur ...... 89.7 70.8 67.4 3.4 1-7 

ee | 72.6 59.8 37.7 21 | 3.6 
Fibula ...... 68.9 | 57.4 53.2 2 | 73 | 























Die folgenden Tabellen enthalten die entsprechenden An- 
gaben tiber die Umfang der Diaphysenmitte (Tabelle 2) und den 
transversalen Durchmesser der Mitte (Tabelle 3). Die Resultate 
sind desgleichen in mm ausgedriickt, und die Messgenauigkeit 
ist 1 mm. 

Durchschnittlich nimmt die Diaphysenlange des Gliedmassen- 
knochens bei der Verbrennung um 5.1% ab, der Umfang der Dia- 
physenmitte um 7.3% und ihr transversaler Durchmesser um 
10.9%. Zu bemerken ist jedoch, dass beim Messen des Diaphysen- 
umfangs mit dem Millimetermass der Messfehler im Verhaltnis 
zur Kleinheit des Masses betrachtlich ist, und das Gleiche gilt 
auch beziiglich des Durchmessers, so dass man diesen Resultaten 


TABELLE 2. 
UMFANG DER DIAPHYSENMITTE 








Unverbrannt | Verbrannt | Untersch. mm|Unterschied % 





Humerus ...... 18.6 16.9 j A | 9:2 
PRABWIS 4.343508 ox 12.0 10.9 17 9.2 
NOMA oe Sees 13:2 12:1 eg 8.0 
cs it |) a eer 21.8 20.5 13 5.8 
Bere 19.0 18.3 0.7 és 











PUMA 66 c ees 11.4 10.5 0.9 7.9 
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TABELLE III. 
TRANSVERSALER DURCHMESSER DER DIAPHYSENMITTE 























Unverbrannt | Verbrannt | Untersch.mm.|Unterschied % 
PINES: 45... 5) 1.8 0.7 11.4 
PRAQIHS © a.5001.005 3.8 3.2 0.6 15.2 
CAs Bees vce 14 3.9 0.9 11.5 
OOM oes es 6.3 5.8 0.5 8.0 
C1) Fe ae d.7 0.3 0.4 7.4 
eee 3.2 | 2.9 0.3 11.8 | 











meines Erachtens keinen wesentlichen Wert geben kann. Wahr- 
~scheinlich ist es so, dass der Knochen in jeder Beziehung von 
seinen Massen ungefahr gleichviel einbiisst, und der Verlust des 
Durchmessers und des Umfangs, welcher grésser ist als die Langen- 
verminderung, ist zum grossen Teil dem Messfehler zuzuschreiben. 


DISKUSSION 


Nach Schrader bestehen im histologischen Bild des verbrann- 
ten und des unverbrannten Knochens deutliche Unterschiede, im 
verbrannten, calcinierten Knochen ist die Struktur undeutlicher, 
und die Weite sowie die Anzahl der Havers’schen Kanale ver- 
mindert. Nach Klement und Trémel (5) erklart sich die Undeut- 
lichkeit der Struktur durch die Veranderung der anorganischen 
Hauptsubstanz des Knochens, des Hydroxylapatits (Ca, (PO,), 
(OH),). Die Hauptursache fiir die Verkleinerung ist natiirlich der 
Wasserverlust. Nach Schranz (10) betragt das Gewicht des ver- 
brannten Knochens (bei Erwachsenen) nur 24—31% von dem- 
jenigen des frischen Knochens. Die Verkleinerung der Masse be- 
ruht also auf dem Wasserverlust und der Veranderung der anorga- 
nischen Bestandteile. 


Die Hauptfrage, deren Loésung der Zweck dieser Untersuchung 
war, betraf die Fehler, welche bei der Schatzung der Lange auf 
Grund von verbrannten Knochen gemacht werden. Kivilaakso 
und Keha (4) haben ’Tabellen ausgearbeitet, mit deren Hilfe die 
Lange des Fetus auf Grund der Lange der langen Gliedmassen- 
knochen geschétzt werden kann. Wenn man aus meinem Material 
auf Grund der unverbrannten Diaphysenlange die Scheitel-Steiss- 
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lange berechnet, und desgleichen auf Grund der verbrannten, 
erhalt man fiir die Differenz in der Scheitel-Steisslange ca 15 mm. 
Bei den verschiedenen Knochen variiert diese Differenz zwischen 
9.7 und 20.5 mm, was im Durchschnitt, wie gesagt, 15 mm aus- 
macht. Im Alter bedeutet dies, weiterhin nach Kivilaakso und 
Keha, bei Feten von dieser Grésse ca 1 %—2 Wochen. Nach den 
Tabellen von Kajava (3) entspricht die erwahnte Differenz in der 
Scheitel-Steisslinge, 15 mm, in der Scheitel-Fersenlange ca 25—30 
mm, was in Alter ausgedriickt desgleichen ungefahr zwei Wochen 
bedeutet. Da die Genauigkeit derartiger, auf den Knochen beruhen- 
der Langenbestimmungen im allgemeinen ausgedriickt im Alter 
ca. zwei Wochen oder etwas weniger ist. kann die durch die Ver- 
brennung bedingte Veranderung in der Diaphysenlange nicht als 
sehr gross angesehen werden. Natiirlich muss sie bei der Bestim- 
mung des Alters aus dem verbrannten Knochen beriicksichtigt 
werden, es miissen also zur Lange der verbrannten Diaphyse 
ca 5% hinzugefiigt werden, ehe die Lange anhand von Kivilaakso’s 
und Keha’s oder anderen entsprechenden Tabellen endgiiltig 
geschatzt wird. 

Die von Schrader mitgeteilten Resultate weichen von den 
meinigen ziemlich viel ab, sein im Alter ausgedriickter Unter- 
schied von 1—1 % Monaten wiirde einem Langenverlust von Ca. 
10—15%, ja sogar 20% entsprechen. Absolute Zahlenwerte fihrt 
er in seiner Mitteilung nicht an, sondern verweist auf eine Publi- 
kation von Bunsen (1), welche ich leider nirgends auftreiben konnte 
nicht einmal als Referat. Vielleicht sind die Unterschiede durch 
die Messungstechnik und die Genauigkeit bedingt, aber auf Grund 
meines eigenen Materials glaube ich behaupten zu kénnen, dass 
die durch die Verbrennung verursachte Verkiirzung auf keinen 
Fall mehr als 10%, betragt, eher noch weniger. Eine ahnliche Zahl 
gibt Werkgartner (11) in seiner kasuistischen Veroffentlichung an. 


ZUSAMMENFASSUNG 


Der Verfasser hat den Einfluss der Verbrennung auf die fetalen 
Knochenmasse untersucht. Das Material bildeten 20 Feten, deren 
durchschnittliche Lange 46.6cm_ betrug. Untersuchungsohjekt 
waren die langen Gliedmassenknochen, welche von der einen 
Korperseite als Vergleichsmaterial prapariert und von der ande- 


15 — Ann. Med. Exper. Fenn, Vol. 27. Fase. 3. 
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ren verbrannt wurden. Die Verbrennung wurde bei Holzfeuerung 
in einem Zentralheizungsofen vorgenommen. Der Langenverlust 
in der Diaphyse war durchschnittlich 5.1%, der Umfang der 
Diaphysenmitte nahm durchschnittlich um 7.3 % ab, und ihr 
transversaler Durchmesser durchschnittlich 10.9%. Bei den zwei 
letztgenannten Massen wirken jedoch die Messungsfehler be- 
trachtlich. Bei der Bestimmung der Lange auf Grund des ver- 
brannten Knochens miissen zum Mass also ca. 5% hinzugefiigt 
werden. Die Resultate weichen von den von Schrader (9) mitge- 
teilten etwas ab, aber auf Grund seines eigenen Materials glaubt 
der Verfasser behaupten zu kénnen, dass der Langenverlust nicht 
iiber 10% betragt, eher weniger. 
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The red cells of the mammals can be divided into two groups. 
In one group (man, monkey, rat, rabbit, guinea pig, pig) the erythro- 
cytes have a high concentration of potassium and a low level of 
sodium, which corresponds with the other cells of the animal body in 
general. In the other group (horse, cattle, dog, cat), sodium is the 
main cation of the erytbrocytes (1, 9). The values have been deter- 
mined generally on adult and sometimes on growing animals. It 
has been inferred that in young calves, the intracellular potas- 
sium values are most probably higher than in adult cattle 
(4, 12). To our knowledge, no similar studies have been performed 
on any foetal erythrocytes. It was deemed desirable to get some 
information also on them. 

Foetal sheep blood was obtained in connection with other 
studies on sheep foetuses. A number of sodium and potassium 
determinations were performed on the plasma and the erythrocytes. 
For adult sheep, there are in the literature the results of two 
analyses performed by Abderhalden (1) already in 1895, According 
to his values the erythrocytes contain 15.7—15.9 milliequivalent 
of potassium per kg, and 79.4—88.5 m.equiv. of sodium per kg. 
The corresponding values for serum were: K 5.45—5.52 m.equiv., 
and Na 138—140 m.equiv. per kg. Kerr (9) found a great indivi- 
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dual variation among sheep belonging to a mixed breed: the 
intracellular potassium varied between 18.4 and 64.2 m.equiv. per 
kg, and the sodium values were correspondingly from 83.5 to 15.6 
m.equiv. per kg. The values for adult sheep were determined also 
in the course of the present work; the results of these determina- 
tions differed from those of both Abderhalden and Kerr. 


MATERIAL AND METHODS 


Sheep of the Finnish standard breed were used. The foetal 
ages were not exactly known, but they were assessed approximately 
with the aid of the length-age and weight-age curve (3) for Welsh 
mountain sheep, a breed much resembling that used in the present 
work. 

The maternal blood samples were taken either before the 
anaesthesia from the jugular vein or during a nembutal anaesthesia 
from the uterine vessels. No difference was observed between the 
samples taken before and during the anaesthesia. The samples 
from non-pregnant adult animals were taken without anaesthesia. 
The foetal samples were drawn from the umbilical vessels, during 
anaesthesia. 

The samples were taken with a syringe and kept under paraffin 
oil. The coagulation was prevented with the aid of crystalline 
heparin. The samples were immediately centrifuged for 30 min. 
at 3,000 r. per min., and the plasma was separated with a pipette. 
The pipetting was repeated 10 min. after the centrifugation. The 
erythrocytes were pipetted into volumetric bottles by using specially 
calibrated pipettes with wide tips; the cells were haemolyzed, when 
the pipettes were washed with distilled water. 

The sodium and potassium determinations were carried out with 
a flame photometer of own design (5). The apparatus is of the 
‘internal standard’ type. The instruments error was found to be 
+1.8 per cent for potassium and -+1.4 per cent for sodium. 


RESULTS 


The results of the analyses of the foetal and maternalesamples 
are compiled in the form of a table (Table I), Standard deviations 
have been calculated for the averages. However, the results are 
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TABLE I 
SODIUM AND POTASSIUM (MILLIEQUIVALENTS PER LITRE) IN MATERNAL AND 
FOETAL SHEEP PLASMA AND ERYTHROCYTES 


















































sian Foetal Plasma Ierythrocytes 
eat omen vnc Sodium Potassium Sodium | Potassium 
of Days Mother Mother Mother {Mother 
Foetus|(appr.) iii ee ; io 
oetus Foetus Foetus Foetus 
H 23})13 cm} 62 (|145 148 He <5.20i°35 2 1°87 100 
H 26/28 cm| 95 {143 145 5.4 17 29 17 | 93 103 
H 27/28 cm| 98 /146 146 41.7 4.7 | 31 iy) 95 103 
H 29/35 cm} 115 /146 (136?)} 4.9 5.4 | 24 16 | 95 107 
H 30/38 cm| 125 /|14€ 145 4.5 50 27 18 | 85 105 
Averages: 145.2 146.0 4.88 5.00} 29.2 15.6] 91.0 103.6 
Standard deviation |--0.4 +1.4 +0.43 +0.31)+4.2 +2.3)+4.7 + 2.6 











* Haemolysis. 


TABLE II 
SODIUM AND POTASSIUM (MILLIEQUIVALENTS PER LITRE) IN| NON-PREGNANT 
SHEEP PLASMA AND ERYTHROCYTES 





























| Plasma Erythrocytes 
| Sheep - ~~ - - 
Sodium |Potassium Sodium Potassium 
Lamb, one month old.......... 142 | to 20 | 114 
Non-pregnant ewe ............ 146 | 1.8 27 103 
MRRNER Sey cee ea feas ih i oh ee 142 | 6.1 24 96 


quite consistent, and hardly need any statistical treatment. The 
Na and K levels in the serum of the mother and foetus were iden- 
tical. The intracellular Na values of the foetal blood were less than 
those of the maternal blood, and the K values of the foetal red cells 
were correspondingly higher. 

The results of a few determinations on samples from non-preg- 
nant sheep are given in Table II. These results agree approximately 
with the above values for maternal sheep. 


DISCUSSION 


The present values for the concentrations of potassium 
1.4 to 5.4 m. equiv./l. — and of sodium — 143 to 146 m.equiv.]. — 
in the serum of adult sheep are in an agreement with Abderhalden’s 
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values. (His results were expressed per unit weight.) However, the 
values for the erythrocytes — 85 to 94 m.equiv. sodium per litre — 
differ from previous values. The proportion of these two electro- 
lytes in the present series is opposite to that found by Abderhalden. 
No explanation can be offered for this discrepancy. The method 
used in the present work yields on human erythrocytes values which 
agree with those given by other workers; sheep red cells are so far 
the only instance of a divergence from previous results. 

In foetal blood, the potassium and sodium gradients between 
the erythrocytes and the serum are higher than in the blood of the 
mother. The unequal distribution of these electrolytes between 
plasma and cells is at present understood to depend on an active 
process, and not on a simple impermeability. At least one of these 
electrolytes is being actively transferred across the cell membrane, 
and the observed distribution expresses a dynamic equilibrium 
between active transfer, osmotic leakage along the gradient, and 
Donnan equilibrium (10). 

The active transfer of electrolytes against the gradient has been 
connected by Harris (6) with the glycolytic metabolism of the 
erythrocytes. The steep gradients in the foetal blood may well 
depend on the fact that the rate of glycolytic and oxidative meta- 
bolism of the foetal sheep erythrocytes is higher than that of the 
maternal red cells (8). More energy is released, and so far as we 
know, its only immediate use is osmotic work; finally, of course, 
all the energy produced by the red cells is dissipated from them as 
heat. 

According to modern views, the electrolyte distribution does 
not necessarily give any direct information on the permeability 
of the cell membrane. Moreover, there are only very few studies, 
where the permeability of foetal and adult erythrocytes towards to 
any substance have been compared. Hitchcock (7) has studied 
the distribution of sugars in the blood of sheep; in foetus the 
corpuscle/plasma ratio of total sugar was not far from unity, but 
the ratio decreased within the first month after birth to values of 
the order of 0.3 The foetal erythrocytes were thus more permeable 
to sugar than those of the adult. A corresponding difference was 
found by Andreen-Svedberg (2) in a study of the sugar concentra- 
tions in the plasma and erythrocytes of a ‘very young’ calf and of 
an adult cow: in the former the ratio was 0.59, and in the latter 
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0.26. If there is an analogous difference in the permeability towards 
sodium and potassium, the high foetal gradients obviously depend 
on a more intense active transfer by the cell membrane. 

The water content of the foetal body is quite high, and it gets 
reduced with increasing age. At the same time the potassium 
concentration of the body decreases gradually with advancing age 
(11). These variations in the electrolytes have been ascribed to 
changes in the proportions of extracellular and intracellular fluid. 
However, the present work shows that the possibility of variations 
in the composition of the intracellular fluid must obviously also be 
taken into account in calculating the relative amounts of extra- 
cellular and intracellular fluid. In order to do it exactly, the compo- 
sition of the intracellular fluid proper ought to be known. Owing 
to the exceptional nature of the erythrocytes, a parallel behaviour 
does not necessarily obtain. 


SUMMARY 


1. The potassium and sodium concentrations of plasma and 
erythrocytes were determined in the blood of adult and foetal 
sheep by using flame photometric technique. 

2. The average results as milliequivalents per litre were: 
Plasma: Sodium: Pregnant ewes: 145.2+0.4 Foetuses: 146.0+-1.4. 


Potassium: » » 4.88+0.43. » 5.00+0.31. 
Ervthr. Sodium: Pregnant ewes: 29.2+44.2. Foetuses: 15.6+2.3. 
Potassium: » » 91.0+4.7. » 103.6+2.6.. 


The results for non-pregnant ewe and ram were analogous with 
those for pregnant ewe. 

3. The values for adult sheep differ from those reported 
previously. 
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Oliver and Schafer noticed in 1895 that intravenous injection 
of pituitary extract caused a rise in blood pressure, and a few years 
later Howell (1898) found that the source of this action was the 
posterior lobe of the pituitary gland, which subsequently became the 
object of intense study. It was soon discovered that posterior 
pituitary extract had other distinct actions, too. It was found to 
check the secretion of the urine and cause contractions in the uterus 
(Magnus and Schafer 1901, Dale 1906). 

It remains a moot question whether one or several chemical 
substances are responsible for these actions. There are investigators 
who think that the oxytocic, vasopressor, and antidiuretic actions 
are all due to the presence of a single substance (Guggenheim 1914, 
1917, Smith and McClosky 1924, Abel, Rouiller, and Geiling 1934). 

To these three distinct actions of posterior pituitary extract 
some writers add diuretic activity, one or several pressor and 
depressor components, and a respiratory component. Watanabe 
and Crawford (1916) thought that posterior pituitary extract had 
one or two depressor components and one or several pressor compo- 
nents. Dudley (1923) also presumed that there were two pressor 
principles. The depressor activity has been ascribed to histamine. 














228 OSMO VARTIAINEN AND EINO V. VENHO 


ot et 


Present-day authorities believe that posterior pituitary extract 
contains at least two principles. That responsible for uterine 
contractions is called oxytocin or a-hypophamin and that respon- 
sible for rise in blood pressure is called vasopressin or f-hypo- 
phamin. It has been possible to separate, from posterior pituitary 
extract, a fraction of which one mg contains ca. 250 units of oxyto- 
cin and only five units of vasopressin. It has also been possible to 
separate a fraction of which one mg contains ca. 200 units of vaso- 
pressin and ca. 10 units of oxytocin (Stehle and Fraser 1935). 
But attempts to separate the antidiuretic principle from the 
pressor principle have not been successful (Selye 1947). It has been 
suggested that a separate antidiuretic principle does not exist at 
all and that it is to be identified with vasopressin (Kamm, Aldrich, 
Grote, Rowe, and Bugbee 1928, Stehle 1934, and Fraser 1941). 

So far, it has not been possible to isolate the pure hormones, and 
their chemical composition remains obscure, but it has been found 
that the chemical and physical properties of oxytocin and vasopres- 
sin are alike (Stehie 1938, Rosenfeld 1940). Smith and McClosky 
(1925) demonstrated parallel destruction of the oxytocic and pressor 
activity in heat and thus claimed to have the evidence for the 
view advanced by Abel in favour of chemical unity. 

On the other hand, there are writers who think that the anti- 
diuretic effect is due neither to the pressor nor to the oxytocic 
principle (Bijlsma, Burn, and Gaddum 1928, Heller 1939). 

It has been experimentally proved that under given conditions 
posterior pituitary extract does not always lose its effect in the same 
way. Adams (1917) noticed that when pituitary extract was heated 
in pH 5, it lost its oxytocic effect to a considerable extent. Stasiak 
(1926) found that 0.5 per cent hydrochloric acid and more than 
6 per cent acetic acid in the solution destroyed the oxytocic activity 
of the extract. Kamm and co-workers noticed that the reaction of 
pituitary extract prepared without acetic acid approximated pH 6 
and that it lost its pressor activity in heat to a still greater extent 
than its oxytocic activity. Heller (1939) showed that the oxytocic 
factor was more stable than vasopressin and the antidiuretic factor 
within the limits of pH 2.0 and 4.5 and less stable outside this pH 
range, and that the antidiuretic factor was more stable than the 
vasopressor factor at all pH values between 0.57 and 10.0. Fraser 


(1941) thought that in Heller’s experiments there was no question 
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of an antidiuretic principle at all. He thought that the prolongation 
of the antidiuretic action was due to the subcutaneous injection 
of some substances produced at hydrolysis. This, however, could 
not be demonstrated when intravenous injection was used. 

The starting-point for the investigation here reported was the 
assumption that the different constituents of posterior pituitary 
extract do not lose their activity in the same way, so that in long- 
stored preparations one type of activity is probably better pre- 
served than another. Assuming further that in a given preparation 
the vasopressor activity and the antidiuretic activity can be 
clearly differentiated from one another in this respect, this ought 
to show that they are two separate substances. On the other hand, 
if they are one single substance, the decrease in the pressor and 
antidiuretic effects ought to be parallel. 

We studied the vasopressin content and antidiuretic potency in 
the posterior pituitary preparations of five pharmaceutical houses 
(Pituglandol, F. Hoffman — La Roche & Co.; Physormon, Chemische 
Fabrik Promonta G.m.b.H., Germany; Pituifrin, Parke, Davis 
& Co., England; Hypadrin, Astra, Sweden; Hypoitrin, Orion, Fin- 
land). We tested altogether nine different preparations, the oldest 
being stored for about fifteen years and the most recent ones for less 
than two. 

The animals used for the determination of the antidiuretic 
potency have been the-dog, rabbit, rat, and mouse (Glaubach and 
Molitor 1932). Gibbs (1930) was the first to use the mouse for these 
experiments, but Burn (1931) regarded this animal as of too small 
size and the determination of its volume of urine therefore as so 
inaccurate that he carried out his experiments on rats. Bijlsma, 
Burn, and Gaddum (1928) used human subjects for the determina- 
tion of the antidiuretic effect. Though expedient for special scientific 
purposes, this is scarcely practicable as a general method. 

We tested the antidiuretic effect of these preparations on nor- 
mal subjects. The subjects had had some porridge and a glass 
of milk or some tea on the same morning. The volume of urine 
excreted was measured at intervals of twenty or thirty minutes 
until it remained the invariable within a given time unit. After 
this, the subjects were administered one litre of tepid water, and 
the volume of urine was measured again at twenty or thirty minute 
intervals. In case of normal water tolerance the volume of urine 








I30 OSMO VARTIAINEN AND EINO V. VENHO 

















| 
so | 
soo \ 
- M 
! | \ 
| | \ I EF} ? No 
Y 20}; 
) fF & 
| { \ 
uw } \ 
ES 200 | \ 
2 / 
? 
rT 10 + l 
c 
a \ 
2 an 4 . oak. 
er 
° ies wee ed 
me | Y J . en Pe Tica 
_<-- a ae i > 
Pig SNE cs a : 
aes ; 
o 4 2 3 oo & 6 7 é g 
TIME IN NOoORS 
300 
FIG Ab 
iS) 
0 250 
2 
200 
/ 
/ 
| 
” | 
-_ F hin 
Y ] * ak 
2 «o } wees * 
/ t * 
\ z77 \ sort, 
Ke , re 
. / / ‘\ 
50 V y ~.. / I, Tite. A, 
SSSSRe eSeee2e oon Cima ee a Renee Tats HE oa ean bed ae wet ced owes sosle cobateckdesa die Pad 
o a 2 3 od s é 7 e g a 4 
TIME IN Hours 
Fig. 1, a and b. — Water tolerance curves of two subjects, A and B. 


I. Simple water tolerance test: the subject was given one litre of tepid 
water (J). 

II. Water tolerance test in which the subject, who had taken one litre of 
tepid water (\), received simultaneously an intramuscular injection of 5 units 
of Physurmon, stored for approximately 15 years. 

III. Water tolerance test in which the subject took one litre of tepid water 
(\)) and received simultaneously an intramuscular injection of 5 units of 
Hypadrin stored for two years and a half. . 
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Fig. 1c. -— Determination of the vasopressin content on a decerebrated cat 
weighing 5.5 kg. The cat received injections of posterior pituitary extract at 
half-hour intervals. (1), (3). and (5): one unit of Hypadrin: (2) and (4): two 
units of Physormon. 

It is evident from the series that there is a considerable difference between 
the pressor activity and antidiuretic potency. The antidiuretic activity of 
Physormon stored for approximately fifteen years shows perhaps some decrease 
in comparison with Hypadrin stored only two years and a half, but its vaso- 
pressin content has decreased much more. Two units of Physormon are not 
sufficient to raise the blood pressure more than one-third of the rise caused 
by one unit of Hypadrin. It is therefore very probable that the vasopressin 
content of Physormon is less than one-fourth of that of Hypadrin. 


- 


was reduced to normal limits within three or three and a half hours, 
the peak of excretion being reached ca. one or one and a half hours 
after the administration of the water. The test was then repeated 
on the same subjects, but the subjects received intramuscular 
injections of posterior pituitary extract simultaneously with the 
administration of water. This time, the excretion of the urine was 
delayed depending on the subject, dosage, and length of storage. 
A total of twenty-six tests were carried out (Figs. 1a and b. 
2a and b, 3a and b). There was an interval of one or two days 
between the tests carried out on the same individual. 

It was found that the antidiuretic effect of preparations stored 
for approximately the same length of time was not the same. It 
also happened that earlier preparations of one house had a more 
powerful antidiuretic effect than their later ones. As a rule, it is 
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Fig. 2, a and b. Water tolerance curves of two subjects, A and B. 


S 
I. Simple water tolerance test in which the subject took one litre of tepid : 
water (|). 
s 
i]. Water tolerance test in which the subject took one litre of tepid water . 
(|) and received simultaneously an intramuscular injection of five units of 
Pituitrin stored for approximately eleven years. t 


III. Water tolerance test in which the subject took one litre of tepid water 
()) and received simultaneously an intramuscular injection of five units of I 
Hypadrin stored for approximately two years and a half. 
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Fig. 2c. ——- Determination of the vasopressin content on a decerebrated cat 
weighing ca. five kg. The cat received injections of posterior pituitary extract 
at intervals of forty minutes. (1), (3), and (5): one unit of Hypadrin; (2) and 
(4): one unit of Pituitrin. 


The series shows that the antidiuretic potency of Pituitrin is approximately 
as great as that of Hypadrin, while its vasopressin content might, at the most, 
be only half of that of Hypadrin. Thus there is a clear difference between the 
pressor activity and the antidiuretic potency. 


considered sufficient to assay the posterior pituitary preparations 
only for their oxytocic activity, because it is assumed that this is 
parallel with the pressor activity and the antidiuretic potency. It is 
doubtful, however, whether this is true of all preparations (Burn 
1931, Wokes 1932). Wokes, on the basis of his experiments, thinks 
that »the oxytocic activity of a pituitary extract is not a safe 
guide to its antidiuretic potency. Extracts which are to be employed 
for the antidiuretic effect must be assayed for this activity.» 
The specific gravity of the urine, which, in the course of a 
simple water tolerance test, fell very nearly to 1,000, to return to 
normal when the urine volume did so, remained normal or showed 
slight rise at the beginning of the water tolerance test combined 
with injection of pituitary extract, and returned to normal when 


the excretion began. 
The subjects received, as a rule, five Voegtlin units of posterior 
pituitary extract. Some preparations inhibited the secretion of 
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r Fig. 3, a and b. Water tolerance curves of two subjects, A and B. 
fi I. Simple water tolerance test in which the subject took one litre of tepid 


water (j/). 


II. Water tolerance test in which the subject took one litre of tepid water 
(,) and received simultaneously an intramuscular injection of five units of 
Pituglandol stored for approximately nine vears. 


IJ. Water tolerance test in which the subject took one litre of tepid water 
(,) and received simultaneously an intramuscular injection of five units of 
Hypadrin stored for approximately three years. 
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Sig. 3c. — Determination of the vasopressin content on a decerebrated 
cat. The cat received injections of posterior pituitary extract at intervals of 
forty-five minutes. (1), (3), and (5): one unit of Hypadrin; (2), (4), (6), and (8): 
one unit of Pituglandol; (7): half a unit of Hypadrin. 


The series shows that the antidiuretic potency of these preparations is 
roughly the same, while the vasopressin content of Pituglandol is only half 
of that of Hypadrin. 


urine for as much as eight to ten hours. We carried out a couple of 
tests in which the subjects were first administered five units of 
Hypoitrin (Orion). This inhibited the excretion of the urine for 
seven to nine hours. Two days later the subjects received three 
units of the same preparation, and this inhibited the secretion of 
urine for three to four and a half hours. This shows that there is 
a clear correlation between the delay in the secretion of urine and 
the dosage. Comparatively soon after the beginning of the test 
the subjects noticed an increase in the discharge of saliva. About 
four hours later they became aware of a heavy feeling in the head 
and of incipient headache, which continued until the secretion 
of urine began. The blood pressure of the subjects was measured, 
but it showed no definite changes. In some cases abdominal pain 
was present. During the test, with the volume of the urine conti- 
nuing to be small, micturition was easier than before the admi- 
nistration of the extract. 

Determination of vasopressin has been carried out on dogs, 
which have been anesthetised by intraperitoneal administration of 
chloretone (trichlor-tertiarybutyl-alcohol) in oil solution (Hamilton 
1912, Hamilton and Rowe 1916, Rowe 1917). Hodgen, Schlapp, and 
16 — Ann, Med, Exper. Fenn. Vol. 27. Fasc. 3. 
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McDonald (1924), used decerebrated cats and achieved an accuracy 
of ca. 7—10 per cent. At intervals of an hour or half an hour or 
so, depending on the response, the cats received alternate injections 
of the solution to be tested and control solution. Our tests were 
likewise carried out on decerebrated cats. 

The same preparations which had been tested for antidiuretic 
potency were tested for vasopressin content. As seen from Figs. 
1c, 2c, and 3c, the long-stored preparations had lost a considerable 
proportion of their vasopressor activity. The experiments showed 
further that in the oldest preparations there was a remarkable 
difference between the vasopressor activity and antidiuretic 
potency. Fig. 1, for example, shows that although the vasopressin 
content of Physormon is less than one-fourth of that of Hypadrin, 
there is no marked difference in their antidiuretic potencies. This 
was revealed by the other tests, too; yet, the shorter the period of 
storage, the less obvious was the difference. 

It has to be admitted that the number of preparations tested 
was not very large; there were nine preparations manufactured by 
five pharmaceutical houses. The results suggested that the anti- 
diuretic potency of the extract possibly is not due to vasopressin 
alone and that a separate antidiuretic principle may exist. 


CONCLUSIONS 


We carried out experiments with fresh and long-stored posterior 
pituitary extracts of various pharmaceutical houses and determined 
their antidiuretic potency and vasopressin content. It was found 
that even in fresh preparations with standardised oxytocic activity 
the antidiuretic potency showed considerable variations. When the 
preparations are kept in store, the pressor activity disappears more 
rapidly than does the antidiuretic potency. This suggests that the 
antidiuretic activity is not due to vasopressin, but to a separate 
antidiuretic principle. 
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